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Ferroptosis is a novel non-apoptotic, oxidative form of regulated cell death that can be 
triggered by diverse small-molecule ferroptosis inducers (FINs) and genetic perturbations. 
Current lack of insights into the cellular contexts governing sensitivity to ferroptosis has 
hindered both translation of FINs as anti-cancer agents for specific indications and the discovery 
of physiological contexts where ferroptosis may function as a form of programmed cell death. 
This dissertation describes the identification of cellular features predicting susceptibility to 
ferroptosis from data generated through a large-scale profiling experiment that screened four 
FINs against a panel of 860 omically-characterized cancer cell lines (Cancer Therapeutics 
Response Portal Version 2; CTRPv2 at http://www.broadinstitute.org/ctrp/). 
Using correlative approaches incorporating transcriptomic, metabolomic, proteomic, and 
gene-dependency feature types, I uncover both pan-lineage and lineage-specific features 
mediating cell-line response to FINs. The first key finding from these analyses implicates high 
expression of sulfur and selenium metabolic pathways in conferring resistance to FINs across 
lineages. In contrast, the transsulfuration pathway, which enables de novo cysteine synthesis, 
appears to plays a role in ferroptosis resistance in a subset of lineages. The second key finding 
from these studies identifies cancer cells in a high mesenchymal state as being uniquely primed 
to undergo ferroptosis. This susceptibility stems from a specific dependency of high 
mesenchymal-state cancer cells on the lipid hydroperoxide quenching mechanisms inhibited by 
FINs and is conserved across cancer cell lines of mesenchymal origin, epithelial-derived cancer 
cell lines that have undergone an epithelial-to-mesenchymal-transition, and patient-derived 
cancer cells exhibiting mesenchymal state-mediated resistance to anti-cancer therapies. 
The work presented herein formalizes frameworks for studying small molecule inducers 
of cell death through cell-line profiling. The results advance current mechanistic understanding 
of the cellular circuitry underlying ferroptosis sensitivity and lay the foundation for a novel 
therapeutic approach using ferroptosis inducers to target high mesenchymal-state cancer cells. 
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CHAPTER 1. INTRODUCTION 
CELL DEATH 
The field of cell death research familiar today has its roots in an insight from the mid-20
th
 
century, that cells die, not only accidentally in response to severe physicochemical stresses, but 
through active and highly orchestrated processes executed by biologically-encoded programs
1–6
. 
At the time, the implications of this concept were profound.  
The ‘programmed’ death of cells meant that cellular lifespans were not physically 
imposed but rather biologically imposed
2
. Perhaps cells had the capacity to persist indefinitely 
but were actively prevented from becoming immortal. Meanwhile, dysregulation of the processes 
governing cellular lifespans could be expected to lead to diseases characterized by inappropriate 
cell death or insufficient cell death. Moreover the role of dedicated cellular machinery in 
regulating and carrying out the organized death of cells suggested that the process of cell death 
could be intervened upon therapeutically, to alter its course
6
. 
In the intervening decades since the pioneering work of Lockshin, Saunders, Horvitz and 
others
1–6
, remarkable progress has been made in cataloging cell death modalities, elucidating 




Classification of cell death 
 
Morphological and molecular features 
Cell death modalities have historically been classified using morphological heuristics
10,11
 
that take into account parameters such as changes in the size and structure of cells and 
organelles, the presence of vacuolization, the fragmentation of DNA and integrity of the plasma 










recently, molecular criteria have begun to be incorporated into cell death classification 
schemes
11
. These include enzymological parameters (e.g. involvement of caspases or 
cathepsins), localization and modification of cell death factors (e.g. PARP cleavage or AIFM 
release), metabolic features (e.g. ATP levels, inner mitochondrial membrane potential), and other 
biochemical markers (e.g. phosphatidlyserine exposure)
10,11
. These molecular features are 





Accidental versus regulated cell death  




Regulated cell death is actively executed by genomically-encoded cellular machinery
12,13
. 
Importantly, its course can be altered by targeted perturbation of the executing machinery 
downstream of the lethal stimulus. Programmed cell death, most familiar from apoptosis, is a 
subset of regulated cell death that plays a role in the development and homeostasis of biological 
systems in the absence of exogenous perturbations aimed at inducing cell death
12,13
.  
Accidental cell death, on the other hand, is induced by physical and mechanical stresses 
that result in cellular disintegration
12
. Accidental cell death is not transduced by specific 
biological circuits; its course can therefore not be modulated by specific perturbations 
downstream of exposure to the lethal stimulus. In vivo, the uncontrolled nature of accidental cell 
death, for example due to traumatic injuries, can lead to local toxicity and immunogenicity, as 







Cell death contexts  
As the catalog of distinct cell death modalities rapidly expands, the contexts in which 
individual forms of cell death are operant are becoming important classifiers
12
. The most 
pervasive forms of cell death, such as apoptosis, are likely to act at all stages of development, 
homeostasis and disease. However, for other cell death forms, the contexts may be much more 
restricted. For example, necroptosis and ferroptosis may play a role specifically in ischemia-
reperfusion injury
14
, while yet other modalities may require an exogenous perturbation, such as 
treatment with artesunate, to uncover cell death
15
. 
Major forms of cell death 
 
Historically,  major forms of cell death have been categorized into apoptotic (Type I), 
autophagic (Type II) and necrotic (Type II) cell death
12
. Current classification schemes place 




Apoptosis (Type I) 
Apoptosis is a caspase-dependent form of regulated cell death
16,17
. The characteristic 
morphological features of apoptosis include cytoplasmic shrinkage, karyorrhexis (nuclear 
fragmentation), chromatin condensation, membrane blebbing and finally, the formation of 




Apoptosis is organized into extrinsic and intrinsic programs
11
. Canonical extrinsic stimuli 
include cell-death inducing cytokines such as Fas Ligand (FasL). Cellular exposure to FasL is 
sensed and transduced by the Fas Receptor, leading to the assembly of a death-inducing 





. Autoproteolytic activation of caspase 8 triggers cleavage and 
activation of executioner caspases -3, -6 and -7 and progression of the apoptotic cascade
16
.  
Intrinsic apoptosis relies on mitochondrial outer membrane permeabilization (MOMP) 
regulated by the interplay between pro- and anti-apoptotic BCL-2 family member proteins that 
control pore formation in the outer mitochondrial membrane
19
. Initiation of MOMP results in 
release of cytochrome c from the mitochondria, formation of the apoptosome and activation of 
the initiator capsase-9 followed by the executioner caspases -3 and -7
19,20
. Cellular stress-sensing 
pathways that are known to trigger apoptosis in response to withdrawal of growth factors or 
exposure to xenobiotic and genotoxic stresses, such as ionizing radiation, converge on the 




Autophagy (Type II) 
Autophagic cell death is characterized by cytoplasmic vacuolization through the 
formation of double-membraned autophagosomes that contain cytoplasmic contents
23
. While the 
fusion of autophagosomes with lysosomes is a mechanism for recycling excess or damaged 
cellular materials and liberating basic building blocks to survive periods of nutrient stress, this 
process rarely can lead to a self-digestive cell death
23
. The role of autophagy in alternatively 
promoting either cell survival or cell death makes it a challenging form of cell death to study; the 
presence of autophagic hallmarks in a cell cannot necessarily be ascribed to impending cell 
death
12
. However, the failure of proper salivary gland development due to insufficient cell death 




Autophagy is positive regulated by the autophagy-related gene-6, Beclin-1
25
, as well as 





. The mTOR pathway, which promotes cellular growth under conditions of nutrient 
availability, is a negative regulator of authophay
26,27
. Treatment of cells with the mTOR inhibitor 




Necrosis (Type III) 
Type III cell death, necrosis, has historically corresponded to the vast plethora of 
accidental cell death forms
29
. Inducers of necrosis are typically physicochemical stresses such as 
elevated temperature, extreme pH, or manual shearing that lead to rupture of the plasma 
membrane. In line with the catastrophic nature of necrosis, the kinetics of Type III cell death are 
typically much more rapid than those of Type I and Type II cell death, which are actively 
orchestrated by cellular machinery
30
. Cells dying of necrosis do not display the characteristic 
morphological features of apoptosis or autophagy, but often do exhibit increased cellular volume 
(oncosis), organelle swelling and massive oxidative stress
29
. While caspase activation, a hallmark 
of apoptosis, has not been thought to be involved in necrosis, other proteases, such as cathepsins 
may play a role in cellular disintegration
31
. 
As efforts to better define necrosis at the biochemical level have advanced, several 
necrotic modes of death have emerged as having regulated features
12,30,32
. These forms of cell 
death – dubbed regulated necrosis - lack apoptotic or autophagic hallmarks and exhibit necrotic 
features, but can be modulated through targeted genetic or pharmacological interventions
12,30,32
. 
This emerging understanding of regulated necrosis, and the possibility it raises to alter the course 
of certain subsets of necrosis, has profound therapeutic implications, given the toxic nature of 








Perhaps the best example of regulated necrosis – one that has pioneered establishment of 
this new classification itself – is necroptosis
33,34
. Necroptosis is a form of cell death that occurs 
when cells that are defective in their ability to undergo apoptosis are exposed to extrinsic 
apoptosis-pathway stimuli
32,35
. In necroptosis, the ligation of TNFR by TNF ligand nucleates a 
complex, known as complex I, that incorporates TNFR-associated death domain (TRADD) and 
RIPK1
36,37
. The internalization of TNFR  induces changes in the repertoire of bound proteins 
leading to formation of complex II, comprised of RIPK1, RIPK3, TRADD, and components of 
the extrinsic apoptotic pathway including caspase 8 and FADD
37,38
. The liberation of the 
necrosome
39
, a complex containing RIPK1 and RIPK3, from complex II leads to execution of 
necroptosis.  
The final death process involves necrosis-like plasma membrane rupture, cellular 
disintegration, dramatic depletion of cellular ATP levels and generation of ROS
40,41
. However, 
perturbation of RIPK1 or RIPK3 by a class of small molecules known as necrostatins can 
abrogate necroptosis
33
. This capacity for modulation underscores the regulated nature of 
necroptosis and differentiates it from classical necrosis
42,43
.  
 Since its discovery, necroptosis has been implicated as a mechanism of cell death in 
numerous ischemia-related disease contexts
33,44




Additional forms of regulated necrosis are described below. 
 
MPT-dependent regulated necrosis 
MPT-dependent regulated necrosis is a form of cell death resulting from mitochondrial 
permeability transition (MPT). MPT is a process characterized by abrupt and dramatic changes 
7 
 
in permeability of the inner mitochondrial membrane, causing rapid mitochondrial swelling, loss 
of energetics and necrotic death
46
. The reliance of this form of cell death on cylcophilin D
47,48
, a 
critical component of the permeability transition pore complex (PTPC)
49
, is the basis of its 
designation as a regulated form of necrosis. Knockout of cyclophilin D, as well as its inhibition 





Parthanatos is a form of regulated necrosis that stems from dramatic loss in cellular 
bioenergetic potential due to hyperactivation of the NAD+ -consuming DNA-repair enzyme 
PARP1
50,51
. Following NAD+ depletion, the NADPH oxidase AIFM1 is released from the 
mitochondria and is thought to play a role in the execution of parthanatos by facilitating 
chromatin degradation through its endonuclease activity
32,52
. Deletion of PARP1 can block 









Cell death features  
Ferroptosis is an iron-dependent and oxidative form of cell death that is controlled by 
pathways converging upon the phospholipid glutathione peroxidase (GPX4)
14,54–57
.  
Cell death by ferroptosis does not conform to Type I, II or III modes of cell death as 
evinced by the absence of morphological features characteristic of apoptosis (e.g. chromatin 
condensation and membrane blebbing), autophaghic death (e.g. cytoplasmic vaculoziation), or 
hydrogen peroxide-induced necrosis (e.g. organelle swelling)
5,55
.  Consistent with this, 
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ferroptosis is not suppressed by inhibitors of caspases, which are required for apoptosis, nor 
small molecule inhibitors of autophagy
5,55
. Moreover genetic and pharmacological inhibition of 
cyclophilin D and the necrosome do not modulate ferroptosis, indicating that it is distinct from 
MPT-dependent regulated necrosis and necroptosis
5,12
. The only defining morphological feature 
of ferroptosis involves ultrastructural changes to the mitochondria including decreased organelle 
size and increased membrane density
55
. At the biochemical level, an increase in intracellular 
labile iron and the onset of lipid peroxidation are early events indicative of ferroptosis
55,56,58
.  
Functionally, ferroptosis is defined as cell death that can be suppressed by both lipophilic 
antioxidants and iron chelators
58
. This specific modulatory profile is unique to ferroptosis, not 
only among non-oxidative cell death modalities, but also within oxidative forms of cell death
55
. 
The basis of this specificity may arise from differences in both the source and localization of 
reactive iron and subsequent ROS generation in ferroptosis compared to other oxidative modes 
of cell death
14
. While ROS-inducing stimuli most often lead to generation of mitochondrial 
ROS
59
, the ROS in ferroptosis appear to be of a non-mitochondrial and lipid-localized origin
55
. 
Perhaps related to this, non-ferroptotic ROS-inducers can be suppressed by hydrophilic 
antioxidants but are not suppressed by lipophilic antioxidants
55
. This is also true of iron-
dependent oxidative cell death forms that otherwise appear similar to ferroptosis
15
. Thus a pair of 
simple criterion – suppression by lipophilic antioxidants and iron chelators – yields a remarkably 
specific and discriminating functional definition of ferroptosis.  
 
Ferroptosis inducers (FINs) 
Ferroptosis was first identified as a form of cell death induced by erastin, a small 
molecule that demonstrated synthetic lethality with oncogenic HRAS in an engineered model of 
stepwise transformation
58
. Repeated synthetic lethal screening of the same model has yielded 
9 
 
several additional structurally-diverse FINs (Fig. 1.1)
60–63
. Proteomic approaches as part of early 
studies into FIN mechanism of action identified voltage-dependent anion channels (VDACs) as 
the binding target of several FINs
58
. More recent functional studies have implicated the action of 
FINs at distinct levels of pathways controlling cellular supply of cysteine, the incorporation of 
cysteine into glutathione and the use glutathione to quench lipid hydroperoxides through the 
actions of GPX4 (Fig.1.2) as critical to their lethal effects
56
. FINs that deplete levels of cellular 
glutathione are classified as Class I FINs, while FINs that inhibit GPX4 function downstream of 
glutathione depletion are designated as Class II FINs
55,56
. Many of the insights into FIN 
mechanism of action that have enabled this classification scheme are recent and were uncovered 
concurrently with the research described in this dissertation. Class I and Class II FINs are 
therefore referred to in this thesis as classes named after their founding members - the erastin-
class and RSL3-class FINs, respectively. 
  
Erastin-class FINs (Class I FINs) 




 which is a 




Critical insights leading to identification of the lethal effect of erastin came from noting 
striking similarities between the glutamate-induced cell death of neurons and erastin-induced 
ferroptosis
55
. In glutamate-induced excitotoxicity, high concentrations of extracellular glutamate 
block the activity xc
-
, leading to profound glutathione depletion and an iron-dependent oxidative 
cell death that can be rescued by ferrostatin-1
55


























Figure 1.1.  Structures of FINs. Reproduced with permission from Yang, W. S. et al. 
Regulation of ferroptotic cancer cell death by GPX4. Cell 156, 317–331 (2014). Compounds 
with names highlighted in red were included in CTRPv2. DPI7 and DPI10 are referred to as 




















Figure 1.2.  Ferroptosis pathway. Illustration of the key pathway regulating ferroptotic cell 
death. Abbreviations are defined on page viii.  
12 
 
specific inhibitor of ferroptosis. Importantly, the addition of reducing agents such a β-
mercaptoethanol (βME) to neuronal cultures can rescue the effects of high glutamate by reducing 
cystine to mixed disulfides of cysteine, which can be imported through alternhate cell-surface 
solute carriers. In a key experiment, it was found that addition of βME to erastin-treated cells 
similarly rescued erastin’s lethal effects
55
. These insights, coupled with chemoproteomic data, 
convincingly identified xc
-
  as the relevant functional target of erastin and established xc
-
 as a 
central node of ferroptosis circuitry. More recently, metabolite profiling analysis of erastin-
treated cells has confirmed depletion of cellular glutathione as being the most dramatic and 
specific change occurring upon induction of ferroptosis by erastin
56,57
. 
Other FINs also acting on xc
-
 include sulfasalazine and sorafenib
55,57
. Buthionine 
sulfoximine (BSO) induces glutathione depletion downstream of xc
-
 by inhibiting the glutathione 





RSL3-class FINs (Class II FINs) 
RSL3-class FINs have recently been identified as inhibitors of the phospholipid 
glutathione peroxidase, GPX4
56
. Direct binding of GPX4 has been demonstrated for RSL3 
through a chemoproteomic approach, while other RSL3-class FINS have been shown to inhibit 
the enzymatic activity of GPX4 in lysate-based biochemical assays
56
. The conserved alpha-
chloroamide warhead shared by otherwise structurally dissimilar RSL3-class FINs
56
 (Fig. 1.1) 
may underlie their ability to specifically target selenoproteins, such as GPX4, that contain highly 
reactive, catalytic selenocysteine residues
64
. This unique reactivity profile of alpha-chloroamide-
containing compounds has been highlighted in the context of glutathione-s-transferase omega, 






Molecular basis of ferroptosis 
 
 Lipid peroxidation 
The central role of GPX4, the direct target of RSL3-class FINs and in the indirect target 
of erastin-class FINs, in detoxifying lipid hydroperoxides anticipates the importance of lipid 
peroxidation as a key molecular feature of ferroptosis
55,56,66
.  
The lipid peroxidation cycle (Fig. 1.3) involves lipid radicals generated through hydrogen 
abstraction from unsaturated lipids
67
. These lipid radicals can become peroxidated to form lipid 
peroxyl radicals that propagate the cycle of hydrogen abstraction from unsaturated lipids. Even 
the more stable end products of this cycle continue to be highly reactive
68
. Lipid peroxides can 
decompose into lipid oxy radicals and hydroxyl radicals, while secondary products of lipid 
peroxidation, including α,β-unsaturated aldehydes such 4-hydroxy-2-nonenal can add to critical 
thiols and amino groups on macromolecules
68
. 
Lipid peroxidation can be induced through both enzyme-mediated (e.g. lipoxygenase) 
and non-enzymatic (e.g. labile iron-mediated) processes
69
. Understanding which of these may 
play a role in ferroptosis-associated lipid peroxidation is an active area of research
54
. The 
chemistry of lipid peroxidation however, does provide a strong mechanistic underpinning for 
several observations related to ferroptosis
54
. Like GPX4, which detoxifies lipid peroxides into 
water and lipid alcohols, the ability of lipophilic antioxidants to suppress ferroptosis stems from 
their capacity to quench lipid radical intermediates and directly reduce lipid peroxides to lipid 
alcohols through hydrogen atom transfer
54
. The production of α,β-unsaturated aldehyde 






















Figure 1.3. Lipid peroxidation cycle. An illustration of lipid radical-mediated lipid 
peroxidation. Adapted by Dr. Tim Vickers from Young, I. S. & McEneny, J. Lipoprotein 










As indicated by its name, ferroptosis has an absolute requirement for iron; the ability of 
iron chelators to suppress ferroptosis is one of the foundational features of this mode of cell 
death
55,58
. The precise nature, form and localization of this iron however, remain poorly 
understood
71
. Labile (non-protein bound) pools of iron exist within the cytoplasm, mitochondria 
and lysosomes of cells at low but appreciable concentrations
71
. This iron, unlike iron sequestered 
within ferritin or other iron-storing complexes, is redox active and is typically thought to be the 
primary culprit in catalyzing toxic ROS formation via Fenton chemistry
14
. Reactive iron is also a 
component of the active site of many enzymes, where it acts to catalyze enzymatic reactions that 
are highly analogous to Fenton chemistry
14
. One pertinent example is lipoxygenase, which 
carries out lipid peroxidation reactions using iron as a co-factor
71
. A model proposing 
lipoxygenase-bound iron as the critical iron for ferroptosis would be particularly attractive given 
the known mechanistic connections between lipoxygenase, lipid peroxidation and GPX4-related 
cell death
72,73
. However, the inability of iron chelators to discriminate between free and active-
site reactive iron means that current models of ferroptosis remain ambiguous about the 





While ferroptosis has not yet been shown to function as a form of programmed cell death 
in development or tissue homeostasis, it is increasingly implicated in a number of pathologic 
contexts encountered by neuronal and renal tissue
54,74,75
. These include models of neuronal 
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excitotoxicity, oligodendrocyte-related periventricular leukomalacia, huntingin-induced 
oxidative stress, acute renal failure, synchronized tubular cell death in renal ischemia-reperfusion 
injury, and oxalate nephropathy
54,74,75
. 
Meanwhile, understanding the roles and therapeutic applications of ferroptosis in cancer 




STUDY OF CELL DEATH 
The study of cell death seeks to accomplish the following: catalog cell death modalities, 
understand the cellular machinery involved in mediating each form of cell death, illuminate 
physiological contexts to which particular cell death mechanisms may be pertinent, and develop 
effective means to therapeutically perturb specific cell death forms
6,11
.  
This undertaking is rendered especially challenging by two characteristics of cell death. 
The first is that cell death is a transient and ultimately destructive phenomenon, not one that 
lends itself to the isolation and study of intermediate steady states.  
The second is the tremendous redundancy built into cell death programs
76–78
. A common 
approach for probing cell death is to prevent it from occurring and studying the consequences. 
This was utilized successfully by Horvitz and colleagues in the discovery of apoptosis
4
. 
Unfortunately, in most cases, inhibition of a specific cell death mode in a cell fated to die will be 
rescued by execution of an alternate death pathway. For example inhibition of apoptosis by 
deletion of essential caspase activators  can cause dying cells to shift toward a more necrotic 
form of cell death
79
. Likewise cells that are prevented from undergoing autophagy, will simply 




Small molecules as probes of cell death 
 
Small molecules are low molecular weight (less than 2mg/mol), carbon-containing 
compounds that have the potential to engage in highly specific interactions with cellular 
macromolecules
82
. Over the past several decades, the field of chemical genetics has pioneered 
small molecule perturbations as a complement to classical genetic techniques to probe the 





. Such use of small molecules offers a number of advantages over genetic 
approaches: reversibility and temporal control, the ability to be used easily in the context of 
whole organisms, perturbation of individual functions of multifunctional proteins or complexes, 
the opportunity for polypharmacology based on structural similarities of targets, and in certain 
cases, the conferral of novel gain-of-function (GOF) properties upon targets
82,83
.  
 It is therefore not surprising that small molecules have contributed tremendously to the 
study of cell death as specific inducers and modifiers of distinct cell death modalities. 
Staurosporine, a broad spectrum kinase inhibitor serves as a probe of apoptosis
85
, the mTOR 
inhibitor rapamycin is a canonical inducer of autophagy
86,87
, and necrostatin-1, erastin, and 




 Small molecule libraries also afford a means to screen for new cell death modes. For 
example, an oncogenic RAS synthetic lethal screen led to the identification of erastin
34,58
, while a 
screen designed to identify compounds that could block the death of TNFα-exposed cells in the 
presence of caspase inhibitors identified necrostatin-1
18
. Hits from such screens become probes 




Mechanism of action 
However, moving from small-molecule hit to biological mechanism poses a formidable 
challenge
88
. This refers collectively to both the identification of the biomolecule(s) engaged by a 
small molecule (target ID) and to the elucidation of how target engagement elicits the cell death-
related response of interest (broader mechanism of action).  
Traditional approaches for target ID rely on affinity purification methods and 
chemoproteomoics
88
. For studying broader mechanism of action, hypothesis driven approaches 
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may offer a starting point. For example, to study a novel small molecule inducer of cell death, 
one may characterize compound-treated cells to look for morphological and biochemical features 
indicative of known cell death mechanisms
89
.  
Newer genome-wide techniques offer a more unbiased framework to characterize small 
molecule perturbations
90
. Gene-expression profiling in response to compound treatment can 





 and ORF screens
93
 can identify genetic modulators that sensitize 
or protect cells from the effects of a given small molecule. Similar modifier screens can be 
undertaken with small molecules, but have the disadvantage of yielding modifier hits, that like 
the original small molecule, also have an unknown mechanism of action. Nevertheless, this 





Cell-line profiling as a systematic method for studying cell death inducers 
 
Cell-line sensitivity profiling has emerged as a systematic method for studying small 
molecule inducers of cell death that can illuminate both narrow and broad aspects of compound 
mechanism of action
95–100
. At a high level, this method seeks to collect viability measurements in 
response to a given small molecule of interest across a large panel of cell lines. The resulting 
activity pattern vector can be quite unique to an individual compound and can serve as its 
bioactivity ‘fingerprint’
6
. This fingerprint can then be compared to those of other compounds that 
are similarly profiled to infer relationships of identity and similarity between compounds
95
.  
This method was first piloted by the National Cancer Institute as the NCI60, a profiling 





application of pattern-matching algorithms to resulting data quickly uncovered insights into 
compound mechanisms of action
101102
. For example, the natural product halichondrin B was 
found to be a novel microtubule disrupting agent
6,103
. 
Following the NCI60, this approach has been expanded upon and formalized in 
significant ways.  
 
Informer sets 
An ‘informer set’ is a collection of biologically annotated tool compounds (known to 
have selective interactions with one or more cellular targets) that is profiled to establish a library 
of cellular activity pattern vectors that can be queried with a novel activity pattern corresponding 
to a small molecule with unknown mechanism
88,98
. Informer sets are optimized to interrogate the 
greatest possible number of distinct nodes of cell circuitry while maintaining the important 
design principle of redundancy. Multiple compounds targeting the same family of targets – 
ideally with diverse chemical structures – are critical for generating robust signals corresponding 
to distinct cellular nodes and for correcting for off-target effects that are idiosyncratic to 
individual chemical entities
98
. The application of hierarchical clustering approaches to sensitivity 
data generated using a well-designed informer set have been shown to yield sufficient granularity 
to discriminate between compounds perturbing the same biological target through a shared 
mechanism of action, through distinct mechanisms of action, and through indirect 
mechanisms
98,104
. Recently, genetic perturbations (e.g. shRNAs) have begun to be successfully 
incorporated into profiling informer sets
104,105
, though comparing sensitivity patterns across 
different classes of perturbations (e.g. small molecules versus shRNAs) remains challenging. 
 The profiling of novel, unannotated small molecules within the context of informer-sets 





. Several examples are found in this thesis including the independent identification of 
GPX4 as the target of RSL3-class FINs, and the identification of GPX4 as a relevant indirect 
target of HMG-CoA reductase inhibitors.  
 
Omic associations 
The increasing prevalence of cell-line omic characterization also affords the opportunity 
to associate effects of small-molecule perturbations with cellular features
98,106
. Within the 
context of cancer cell lines, common catalogs of omic features include transcriptomic, genomic 
alteration (mutation and copy number variation), metabolite and protein abundance data
97,98,107
. 
Comprehensive association and statistical significance testing of associations between small 
molecule sensitivities and individual omic features can uncover diverse insights into compound 
mechanisms. These insights can range from identification of small molecule direct targets to 
mechanisms of compound metabolic activation and inactivation
106
. For example, within 
CTRPv2, bcl2, a target of navitoclax, is found to the most strongly correlated gene expression 
transcript with sensitivity to navitoclax
106
. Meanwhile high expression of sulfotransferases is 
associated with sensitivity to RITA, a putative modulator of p53, which requires sulfonation for 
activation
106
. Finally, high levels of RIPK1, an inducer of necroptosis, are associated with 
susceptibility to birinapant, an inhibitor of the RIPK1-negative regulator XIAP
106
. Several 
analogous insights into ferroptosis inducers are described in this thesis.  
Small-molecule sensitivity data can also be correlated with multi-feature vectors, for 
example, gene-expression signatures
105
. Likewise, large high-dimensional cell-line profiling data 
sets can be mined to identify perturbations that selectively affect cell lines with gene-expression 
signatures of interest. For example, one could look for compounds that are effective at killing 
cell lines that have high expression of an apoptosis-resistance gene expression signature. A 
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similar approach has been employed in this thesis research to identify compounds uniquely able 




CANCER AND CELL DEATH 
 
Dysregulation of apoptosis 
 
Evasion of apoptosis is a hallmark of cancer
108,109
. Cancer cells become impervious to 
conditions that would normally provoke cell death through dyresgulation of both sensors of  cell 





The most common tactic employed by cancer cells to circumvent apoptosis is loss of p53 
function
112
. P53 plays a critical role as an integrator of cellular stress signals and responds to 
overwhelming cellular damage and inappropriate mitogenic signaling by inducing apoptosis 
through transcriptional upregulation of pro-apoptotic BCL2 family members
113,114
. For example, 
DNA damage signals are transduced by ATR, which phosphorylates p53 directly or via casein 
kinase II to stabilize p53
112,115
. Meanwhile, inappropriate mitogenic signaling can lead to 
increases in ARF, which in turn inhibits MDM2, a negative regulator of p53
115
. P53 -inactivating 




Other mechanisms of inactivation of pro-death sensors in cancer include loss of ARF, 
overexpression of FLICE which binds to and sequesters death-domain containing proteins of the 






Like sensors, effectors of cell death are also disabled in cancer cells. Common strategies 




, and silencing of 
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apoptosome components such as APAF-1
112
. High flux through the PI3K/AKT/PKB pathway 
also participates in apoptosis avoidance by phosphorylating and inactivating pro-apoptotic 






A second aspect of cell-death evasion relates to the chemo- and radio-resistance exhibited 
by many cancer cells. This is mediated through heightened expression of cellular antioxidant 
pathways, which overlap considerably with phase II (conjugation) and phase III (efflux) drug 
metabolism processes
121,122,123,124
. These programs increase the import of sulfur into the cell and 
promote its incorporation into low molecular weight antioxidants (e.g. glutathione), antioxidant 
proteins (e.g. glutathione peroxidases) and the enzymes of phase II drug metabolism (e.g. 
glutathione transferases)
125
. In concert, this cellular network utilizes the unique nucleophilic 
properties of sulfur (and selenium) to detoxify xenobiotics as well as endogenous toxic 
metabolites (e.g. ROS), conjugate them to glutathione and efflux them via ATP-binding cassette 
(ABC) transporters
126,127
. These actions serves to both decrease intracellular accumulation of 
xenobiotics within cancer cells and also protect cancer cells from high levels of endogenous ROS 
and electrophiles produced by mitogenic signaling and radiation
128
. 
A number of therapeutic strategies are being explored to deplete the sulfur-based 
defenses of cancer cells
127
. Most seek to deplete levels of reduced glutathione through direct 
drug-GSH interactions.  However, there is a growing understanding that surgical targeting of 
critical nodes within antioxidant circuitry (e.g. SLC7A11 or GPX4) may constitute a more 






The transformed mesenchymal cell state 
 
Transition of epithelial cancer cells into a mesenchymal state via epithelial-to-
mesenchymal-transition (EMT) is a process that seemingly brings together multiple mechanisms 
of resistance to cell death: dysregulation of apoptotic programs, heightened xenobiotic 




EMT is a transdifferentiation program that occurs as part of development and allows new 
morphological structures to arise from existing layers of cells (e.g. gastrulation, 
tubulogenesis)
133
. It is characterized by the exchange of epithelial cell polarity for spindle-shaped 
morphology, loss of cell-cell adhesion, increased motility and  heightened invasive potential – all 
attributes that one would imagine as being useful to a cancer cell attempting to leave a tumor in 
order to initiate metastasis
134
. Indeed, epithelial cancer cells are known to undergo EMT as a 




EMT has also been linked with decreased susceptibility to cell death
131,132,139–141
. This is 
perhaps not surprising, given that metastatic cells must face harsh conditions including 
detachment from ECM, high oxygen concentration, exposure to xenobiotics, immune 
surveillance, and unfamiliar microenvironments during the journey to successfully establish a 
metastasis at a distant locale (“cancer stem cell” phenotype)
132
. The mechanisms underlying this 
resistance to cell death involve both apoptosis dysregulation and chemoresistance.  
 EMT transcription factors have been demonstrated to actively inhibit cell death 
programs
134
. The overexpression of SNAIL in Caenorhabditis elegans blocks programmed cell 
death of certain neurons
142
, while its overexpression in mammalian cells can protect them from 
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death due to growth factor withdrawal and exposure to cell-death inducing cytokines
143
. SLUG is 
known to upregulate levels of the anti-apoptotic proteins BCL2 and Bcl-XL and antagonize 
transcriptional upregulation of PUMA by P53
144




 EMT also leads to upregulation of chemoresistance genes including SLC7A11, a 
regulator of cellular cysteine levels and binding partner of the cancer stem cell marker CD44
146
, 
and ALDH-class enzymes, which detoxify reactive aldehydes and are also a marker of cancer 
stem cells
126
. Finally, cells that have undergone EMT exhibit slowed cell-cycle progression 
making them preferentially less sensitive to the cytotoxic effects of chemotherapeutic agents that 
target rapidly proliferating cells
134,138,147
.  
More recently, EMT has emerged as an important mechanism of both acquired and de 
novo resistance to targeted therapies. For example, non-small cell lung cancer cells harboring a 
drug sensitizing mutation in EGFR can become resistant to EGFR inhibitors by undergoing 
EMT, without developing a resistance mutation in EGFR itself
131,148,149
. This capacity of EMT is 
not unique to the context of EGFR inhibitors and has been shown to play a role in the resistance 
of melanoma cells to BRAF inhibitors
105,150
, and the resistance of breast cancer cells to PI3K 
inhibition
141,151
. Dysregulation of apoptotic pathways and chemoresistance may play a role in 
this phenomenon. However, it appears more likely that epithelial cells that have undergone EMT 
lose dependence on canonical epithelial pathways perturbed by targeted agents by becoming 
reliant on alternative poorly-understood mitogenic and survival pathways
131,132,148
. 
Thus, EMT seemingly represents a perfect storm of poor prognostic features. This is 
borne out by clinical findings that show patient biopsies and circulating tumor cells of relapsed 
patients to be enriched in mesenchymal state cancer cells
149,150,152
. Likewise, the mesenchymal 
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A related problem is posed by mesenchymal cancer cells that are in a high mesenchymal 
state, not by undergoing EMT, but because they originate from mesenchymal tissue
154
. Like 
epithelial cells that have undergone EMT, mesenchymal cancers (sarcomas) are highly 
aggressive and metastatic, resistant to typical targeted agents, and are generally chemo and radio-
resistant
155,156
. Thus, insights into vulnerabilities of the mesenchymal cancer cell state -  such as 
those described in this thesis - that can be exploited to induce cancer cells in a mesenchymal 
state to undergo cell death promise to lay the foundation for novel therapeutic approaches for 









CHAPTER II. Omic predictors of cancer-cell response to FINs 
 
Introduction 
Four FINs (highlighted in red in Fig. 1.1) were included in the Cancer Target Discovery 
and Development (CTD
2
) small-molecule sensitivity profiling effort at the Broad Institute in 
Cambridge, MA. These compounds were among a set of 486 compounds screened in 16-point 
dose across up to 860 cancer cell lines. The data generated from this screen are from here on 
referred to as the Cancer Therapeutics Response Portal Version 2 (CTRPv2; 
http://www.broadinstitute.org/ctrp/CTRPv2)
107
. Cancer cell lines included within CTRPv2 
represented 14 cancer lineages and were annotated with exome-wide gene-expression and 
genomic alteration data (http://www.broadinstitute.org/ccle/). Proteomic, metabolomic and gene-
dependency data were also available for a subset of cell lines (Table 2.1).  
Treatment of raw screening data began with log-transformation of numerical values, 
followed by averaging of technical replicates and normalization to within-plate DMSO (vehicle) 
wells
98,107
. Curves were fit to DMSO-normalized data using cubic splines as previously 
described, and an ‘area-under-concentration-response-curve’ (AUC) was computed for each 
compound-cell-line combination. AUC values range from zero to 16, with lower AUCs 




Correlation of omic features with continuous values (gene expression, protein level, 
metabolites abundance, gene-dependency) with AUCs was performed using Pearson 
correlations. Correlation coefficients derived by this method were z-scored (6000 permutations 
of cell-line labels) to account for differences in the size and shape of data between analyses. Z-







Table 2.1. Summary of cancer cell line omic-characterization data. Omic characterization 
data types available for cell lines screened as part of CTRPv2 are described. 
  
Feature Type Description # of cell lines
Gene-expression data Affymetrix data; 18988 transcripts 860
Mutations Oncomap; 33 genes 860
Hybrid capture sequencing; 1651 genes 860
Copy number variation Affymetrix data; 21211 transcripts 860
Metabolomics LC-MS; 188 polar and non-polar metabolites, 110 lipids 860
Proteomics RPPA; 80 proteins 113
Gene-dependency ATARiS gene solultions for shRNA data; 9063 genes 139
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can be summarized in a box-and-whisker plot; a percentage of elements most strongly correlated 
with AUC values - ‘outlier correlates’ - are expanded in the whiskers of the plot and can often 
shed light on mechanisms underlying cell-line response to the small molecule of interest. Binary 
(e.g. genomic alteration) and categorical (e.g. lineage) cellular features were analyzed for 
association with cell-line response using enrichment methods that rely upon Fisher’s exact test 
for significance testing. Hierarchical clustering of the CTRPv2 AUC-similarity matrix was 
performed using complete linkage based on distances between compounds defined by the 






Performance of ferroptosis inducers within CTRPv2 
Scatterplots plotting cell-line responses to each of the FINs included in CTRPv2 (erastin, 
RSL3, ML210 and ML162) across 860 cell lines reveal the four FINs to share considerable 
similarity in their patterns of activity (Fig. 2.1a). RSL3 and ML162 are nearly indistinguishable 
from one another and share high similarity with ML210. Erastin’s activity, while less potent than 
other FINs and exhibiting some unique patterns, generally trends with the activity of other FINs. 
These relationships between FINs are reinforced in a hierarchical clustering of the CTRPv2 
AUC-similarity matrix (Fig. 2.1b), which aims to identify compounds having similar patterns of 
sensitivity across the full data set. The dense clustering of FINs within this matrix indicates that 
they share greater similarity amongst one another than with any of the other 482 compounds 
profiled within CTRPv2. The pattern of sub-clustering, with RSL3, ML210 and ML162 forming 
a high-similarity sub-node within the FIN cluster, suggests that these three compounds likely 




Figure 2.1. FINs share similar patterns of activity across CTRPv2. a, Scatterplots of FIN 
AUCs from CTRPv2. b, FIN-containing cluster within hierarchical clustering of CTRPv2 
similarity matrix. Red matrix elements represent high correlation in the patterns of cell-line 
sensitivity between a given pair of compounds; blue matrix elements represent high anti-






The prevalence of low AUC values in response to FINs indicates that susceptibility to 
ferroptosis is widespread across established cancer cell lines. This is in contrast to other inducers 
of cell death whose cell-killing effects are more narrow (Fig. 2.2a). However, unlike cytotoxic 
agents that are uniformly lethal (Fig. 2), FINs also exhibit a uniquely broad dynamic range of 
effects. This feature of FINs suggests that ferroptosis sensitivity is a regulated phenotype with 
high dependence on cellular context and supports previous reports that have described ferroptosis 




Lineage effects  
Lineage-wise survey of sensitivity to FINs using an absolute AUC cut-off
98
 of 7 (Fig. 
2.3a) reveals cancer cell lines derived from hematopoietic and lymphoid, CNS, autonomic 
ganglia, ovary, soft tissue, kidney, and bone tissue to be the most sensitive. Cell lines derived 
from the oesophagus, upper respiratory tract, stomach, pancreas, breast, skin and large intestine 
are generally insensitive. When broken down by histology, cancer cell lines of non-epithelial 
origin (non-carcinomas) are strikingly more sensitive to FINs than cancer cell lines of epithelial 
origin (carcinomas) (Fig. 2.3a).  
The use of absolute AUC cutoffs to evaluate lineage-targeting effects of compounds can 
be confounded by non-specific differences between lineages in their sensitivities to compound 
treatment
98,107
. For example, cancer cell lines of the hematopoietic and lymphoid lineage have 
concentration-response curves that are typically shifted toward sensitivity by one or more dose 




Figure 2.2. Comparison of FIN-activity profiles with those of other lethal compounds. a, 
Histograms of ML210 (a FIN) and JQ-1 AUCs. Cancer cell-line sensitivity to JQ-1 is much more 
limited than cancer cell-line sensitivity to ML210. b, Histogram of doxorubicin AUCs, which 






Figure 2.3. Survey of FIN sensitivity by lineage and histology. a, Summary of FIN sensitivity 
by lineage and histology, using an absolute AUC cut-off of 7 for sensitivity. b, Relative activity 
of individual compounds (grey and colored dots) by lineage. Compounds falling below the 
dotted line are preferentially active in the given lineage, while those falling above the dotted line 









. This problem can be overcome by normalizing lineage-specific differences across a 
large panel of compounds – in this case, all compounds included in CTRPv2. For a given lineage 
(designated a class), a median AUC can be computed for each compound across all cell lines 
belonging to the class. The median AUC for each compound across all cell lines not belonging to 
that class can then subtracted from the within-class median AUC, to yield a delta-median AUC 
value. Plotting the delta-median AUC for each compound within a given lineage (rank ordered 
by delta-median AUC) can reveal bone fide lineage-targeting effects of compounds and correct 
for non-specific associations arising from general lineage-driven trends in compound sensitivity. 
The application of this method to FINs (Fig. 2.3b) reveals that cancer cell lines derived 
from bone, soft tissue, kidney, and ovarian lineages are not only among the most FIN-sensitive 
cell lines within CTRPv2, but are also uniquely targeted by these compounds. CNS-derived 
cancer cell lines, while exhibiting only average sensitivity to FINs, are relatively much more 
sensitive to these compounds than to any other compounds within CTRPv2. At the other end of 
the spectrum, cancer cell lines derived from the oesophagus or bladder are uniquely insensitive 
to FINs, with FINs having the least relative efficacy among all CTRPv2 compounds in these 
lineages.  
The frequency with which ferroptosis inducers are among the tail out of outlier 
compounds with lineage-specific effects is a further illustration of the previously noted 
modulatability and dynamic range of cell line responses to FINs
94,129
. Moreover, the remarkable 
stratification of FIN sensitivity by lineage and histological parameters suggests that lineage- and 
histology-related biological factors may be key regulators of FIN sensitivity.  
To identify molecular features underlying sensitivity to FINs, I performed a range of 





Correlation of gene expression data with cell line sensitivity to FINs revealed the levels 
of several transcripts to be strongly correlated with cell line response to FINs (Fig. 2.4). mRNA 
levels of SLC7A11, a component of the glutamate-cystine antiporter system xc
-
 and the target of 
erastin
55,57
, is a shared outlier correlate of resistance to FINs as well as other inducers of ROS 
and electrophilic stress. Several other redox stress-responsive genes are similarly enriched 
among transcripts most correlated with resistance to ferroptosis inducers (Fig. 2.4). These 
include LOC344887, a poorly-characterized pseudogene that is significantly co-expressed with 
SLC7A11, gamma-glutamyl cysteine ligase (GCLC), the target of the glutathione depleting 
agent buthionine-sulfoximine (BSO), glutathione reductase (GSR), GPX2, NQO1, OSGIN1, 
GST and a single cytochrome P450 isoform CYP4F11. The mitochondrial apoptosis inducing 
factor, AIFM2, is the single most correlated transcript with resistance to the RSL3-subclass of 
FINs, and shows greater correlation to these compounds than to erastin or other ROS inducers 
(Fig. 2.4).  
Transcripts correlated with high sensitivity to FINs are notable for strong enrichment of 
genes encoding zinc finger (ZNF)-containing proteins (Fig. 2.4). ZNF-coding transcripts are 10-
fold over-represented  among the top ~100 genes correlated with sensitivity to FINs, while a 
quarter of all ZNF-coding transcripts fall within the top 4.8% of genes correlated with sensitivity 
FINs. Also of interest among genes correlated with high FIN-sensitivity are several canonical 






Figure 2.4.  Single-transcript correlates of cell-line response to FINs. Box-and-whisker plot 




 percentile outlier transcripts 
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(black and colored dots) whose levels are correlated with cell line sensitivity to FINs. A subset of 
significant correlations is expanded in the table. Non-adherent cancer cell lines were excluded 





Correlating AUCs with gene signatures, rather than single transcripts, can reveal coherent 
biological themes among gene correlates that are not readily apparent from lists of individual 
transcripts
105
. ssGSEA is a methodology which estimates the degree of coordinate up- or down-
regulation of members of a given gene set within a transcriptionally profiled sample and thereby 
allows a gene-signature expression score to be calculated for individual cell lines based on their 
gene-expression profiles
105,158
. Correlation of these scores with compound AUCs can identify 
gene signatures that point to broader biological programs associated with cell-line response to 
specific compounds. The results of this analysis with FIN AUCs (Fig 2.5) reinforce the themes 
of xenobiotic and ROS-responsive metabolism, epithelial versus mesenchymal origin and 
cellular metastatic potential, and resistance to cisplatin, doxorubicin and apoptosis-inducers as 
determinants of FIN sensitivity.  
 
Associations with genomic alterations, protein and metabolites 
Significant association between cell-line responses to FINs and genomic alterations, 
baseline protein levels and baseline metabolite levels are summarized in Figs. 2.6, 2.7, 2.8, 
respectively, and Appendix I. Specific findings of interest are discussed in further detail within 






Figure 2.5.  Gene-signature correlates of cell-line response to FINs. Gene signatures from the 
Broad Institute’s Molecular Signatures Database (MSigDB) (signature names shown in 
capitalized text along the left-hand side of the figure) whose baseline expression in cell lines 
were found to correlate most strongly with cell-line response to FINs are shown. All correlations 
meet a minimum p-value cut-off of 0.05 after correction for multiple hypothesis testing. Within 
heatmaps, blue corresponds to low numbers (both AUCs and gene-signature expression) while 









Figure 2.6.  Genomic alterations associated with cell-line response to FINs. Genomic 
alterations (both mutations and copy number variations) that were found to be most strongly 
associated with cell-line response to FINs within the indicated lineages are shown. Colored 
heatmaps show individual cell lines (striations) belonging to the indicated lineage, rank ordered 
by sensitivity to FINs. Lower FIN AUCs (blue) correspond to cell-line sensitivity, while 
increasing FIN AUCs (red) correspond to cell-line resistance. Dark gray bars below colored 
heatmaps indicate discrete cell lines harboring the genomic alteration indicated to the left. All 






Figure 2.7.  Protein correlates of cell-line response to FINs. a, Box-and-whisker plot of z-




 percentile outlier proteins (black 
and colored dots) whose levels are correlated with cell line sensitivity to FINs. A subset of 
significant correlations is expanded in the table. b, Relationship between levels of the indicated 
phosphoproteins and cancer cell-line sensitivity to FINs within the ovarian lineage. Within 
heatmaps, blue corresponds to low numbers (both AUCs and protein abundance) while red 







Figure 2.8.  Metabolite correlates of cell-line response to FINs. Box-and-whisker plot of z-




 percentile outlier metabolites 
(black and colored dots) whose levels effects are correlated with cell line sensitivity to FINs. A 
subset of significant correlations is expanded in the table. Non-adherent cancer cell lines were 




Gene dependency correlates 
The final feature type correlated with compound sensitivity was gene-dependency scores 
(cell-line sensitivity to shRNAs)
100
, to identify shRNA perturbations that act similarly to FINs. 
The results of this analysis (Fig. 2.9) show that cell-line sensitivity to RSL3 correlates most 
strongly with knockdown of GPX4, known to be the relevant cellular target of GPX4. This 
correlation is shared by other RSL3-class FINs, but is weaker in the case of erastin. Other 
correlations of the RSL3-class FINs include dependency on ARSE, which is also strongly 
correlated with erastin sensitivity, and dependencies on several ZNF-containing genes and 
BCL2, which are unique to RSL3-class FINs. Erastin sensitivity correlates most strongly with 
knockdown of both FOXO3 and FOXO3b, and to a lesser degree with knockdown of several 
solute carriers (SLCs). Of note, knockdown of SLC7A11, the target of erastin
55
, does not 
phenocopy erastin across this panel of 139 cell lines. 
 
Discussion 
Several biological themes emerge from the results of correlation analysis between 
cellular features of cancer cell lines and their sensitivity to FINs. 
 
Epithelial versus mesenchymal origin 
The most striking among these is the influence of epithelial versus mesenchymal origin 
on ferroptosis sensitivity. This association first becomes apparent from the breakdown of FIN 
sensitivity by lineage and histological parameters, where non-epithelial tumors (non-carcinomas) 
and specifically tumors derived of mesenchymal origin (sarcomas) are uniquely sensitive to FINs 
(Fig. 2.3-2.4). The ovarian and renal cancer lineages are seeming exceptions in this regard. 




Figure 2.9.  Gene-dependency correlates of cell-line response to FINs. Cell-line sensitivity to 
FINs was correlated with cell-line gene-dependency scores (cell-line sensitivity to shRNAs 
knocking down each of 9063 genes), to identify shRNA perturbations that act similarly to FINs. 





percentile outlier shRNA composites (black and colored dots) whose patterns of cell killing are 
correlated with cell line sensitivity to FINs. A subset of significant correlations is expanded in 
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the table. Non-adherent cancer cell lines were excluded from this analysis.  shRNA data were 




formal designation as carcinomas. It is however possible that the common developmental origin 
of ovarian and renal tissue from the intermediate mesenchyme confers mesenchymal properties 
on epithelial-derived tumors of these lineages
159
. 
The connections between developmental original and cell-line response to FINs are 
further reinforced by omic correlation results. Ferroptosis resistance is associated with high 
expression of epithelial homeostatic gene signatures (Fig. 2.5) and high protein levels of the 
epithelial markers E-cadherin and claudin7 (Fig. 2.7). FIN-resistant cell lines are more likely 
than FIN-sensitive counterparts to harbor genomic alterations in canonical epithelial receptor 
tyrosine kinases including ERBB2 amplification and EGFR mutation (Fig. 2.6)
160–162
. The 
generally high activation of the corresponding pathways in FIN-resistant cell lines is further 




FIN-sensitive cell lines, in contrast, exhibit lower activity of the MAPK pathway evinced 
by lower levels of phosphoMEK and phosphMAPK and higher protein levels of MIG6, a 
negative regulator of EGFR-family members (Fig. 2.7)
163
. Instead, these cells are more likely to 
have activating mutations in alternate RKTs such as FGFR4 (Fig. 2.6)
148
. FIN-sensitive cell lines 
are also characterized by high abundance of mesenchymal markers at both the mRNA 
(fibronectin, vimentin and ZEB-1) (Fig. 2.4) and protein (snail) levels (Fig. 2.7) 
Mutant RAS has a historical relationship with ferroptosis, which was initially identified 
in engineered cells overexpressing oncogenic RAS
58
. Within CTRPv2 cell lines, RAS mutations 
typically occur in epithelial lineages and therefore are associated with ferroptosis insensitivity. 
The ovarian lineage is an exception, where mutant RAS has a statistically significant association 




Molecular modulators of ferroptosis 
Beyond lineage and histological correlations, the results of omic association also yield 
insights into ferroptosis machinery and the mechanisms of action of FINs. 
 
Redox regulators 
The known ROS-inducing property of FINs
55,56
 is immediately apparent from unbiased 
omic correlations by the ability of oxidative- and electrophilic-stress response programs to confer 
resistance FINs.  These cellular features include high expression of enzymes involved in 
xenobiotic response and antioxidant metabolism (Fig. 2.4-2.5), and the high abundance of free-
thiol containing metabolites that can be sacrificially alkylated to detoxify ROS (Fig. 2.8). 
Genomic alterations that increase susceptibility to cellular electrophilic damage also correlate 
with heightened sensitivity to ferroptosis inducers. These include mutations in DNA-damage 
response pathway members BRCA, MSH6 and WRN, and copy number loss of FTO which is 
important for sulfite metabolism (Fig. 2.6).  
The NRF2-KEAP1 pathway is a central axis of redox regulation circuitry
164
. Under 
normal redox homeostasis, KEAP1 acts as a negative regulator of NRF2. Upon conjugation of 
electrophiles (e.g. ROS) to redox-sensing free thiols on KEAP1, NRF2 is liberated from KEAP1 
and translocates to the nucleus where it drives antioxidant gene-expression programs
164
. Not 
surprisingly, mutations in KEAP1, which lead to constitutive transcriptional activity of NRF2 are 
associated with resistance to FINs (Fig. 2.6). Cellular hypoxic responses, which also result in 
high expression of antioxidant and xenobiotic response programs, are regulated by VHL and 
HIF1 in a manner analogous to NRF2-KEAP1
165
.  Like mutations in KEAP1, mutations in VHL 
that drive constitutive activation of hypoxic response correlate with resistance to ferroptosis 
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inducers (Fig. 2.6). This renders cell lines derived from Wilms’ tumors, where VHL loss is a 
germline event
166
, among the least FIN-sensitive kidney-derived cancer cell lines. Meanwhile 
mutations in HIF1a that impair cellular hypoxic responses increase susceptibility to ferroptosis 
(Fig. 2.6). 
Cellular pools of labile iron are known to contribute to oxidative stress by promoting 
Fenton reactions and are uniquely required for ferroptosis as reflected in its name
55,58
. While 
gene-expression signatures related to iron homeostasis are not generally correlated with cell-line 
response to FINs, mRNA expression of ferritin heavy chain (FTH1) and pirin (PIR), a nuclear 
iron-binding protein, do demonstrate relatively strong correlation with resistance (Fig. 2.4, 
Appendix I). FTH1 is a master regulator of iron homeostasis that sequesters iron in a non-toxic 
state; knockout of FTH1 has been shown to increase labile pools and cellular susceptibility to 
oxidative stress
167
. It is likely that high levels of FTH1 and PIR decrease sensitivity to ferroptosis 
through similar mechanisms involving sequestration of iron. Meanwhile the significant and 
unusual association between sensitivity to FINs and the expression of mRNA transcripts coding 
for zinc-containing proteins raises the question of whether changes in cellular abundance of zinc, 
related directly or indirectly to expression of zinc-containing proteins, might contribute 
chemically to cellular redox imbalances occurring as part of ferroptosis (Fig. 2.4c).  
 
Mechanism of action 
Beyond general connections to cellular redox regulation, omic associations also reveal 
specific insights into the mechanisms of action of FINs. Most notable in this regard is the 
suggestion of GPX4 as the target of RSL3-class FINs from gene-dependency correlations (Fig. 
2.9). GPX4 was recently identified as the relevant target of RSL3 through chemoproteomic 
efforts
56
. The gene-dependency data from CTRPv2 strongly support this chemoproteomic 
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finding. Moreover, they suggest that ML162 and ML210 likely also target GPX4, and reveal 
these three compounds to have surprisingly clean and specific effects across a panel of 139 cell 
lines despite acting via covalent and potentially promiscuous mechanism of action. The strong 
correlation between cell-line response to FINs and sensitivity to knockdown of arylsulfatase E 
(ARSE) may indicate that ARSE is a conserved component of ferroptosis machinery, or may be 
due to a mesenchymal-targeting property shared by FINs and ARSE
168
 (Fig. 2.9). 
Gene-dependency correlation with erastin AUCs reveals a strong link between FOXO3 
dependency and erastin sensitivity (Fig. 2.9). FOXO3 is known to be critical for cellular survival 
in the context of oxidative stress, particularly in stem-like cells
169
. Moreover, defects due to 
FOXO3 loss in vivo can be rescued by supplementation with cysteine (in the form of NAC)
170
 
whose endogenous cellular levels are regulated by SLC7A11 and perturbed by erastin
55
. High 
protein levels of FOXO3 are correlated with resistance to erastin, while levels of the inactive 
phosphorylated form of FOXO3
170
 are correlated with sensitivity (Appendix I). The compelling 
computational and biological connections between erastin and FOXO3 raise the question as to 
whether loss of FOXO3 induces ferroptosis and whether FOXO may represent a heretofore 
unappreciated component of the ferroptosis pathway.  
Intriguingly, the correlation of erastin sensitivity with gene-dependency data does not 
identify erastin’s known target, SLC7A11, as a strong correlate. This is most likely because 
protein knockdown of SLC7A11 has cytotoxic effects beyond loss of the antiporter function 
inhibited by erastin. However, higher mRNA expression of SLC7A11 confers resistance to FINs 
(Fig. 2.4) and copy number loss of SLC7A11 is a sensitizing genomic alteration (Fig. 2.6), 
supporting an important role for the gene in regulating ferroptosis.  
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The AIFM genes, AIFM1 and AIFM2, have been reported to be required for cell death 
downstream of GPX4 inhibition
73
, but their involvement in ferroptosis remains controversial due 
to ambiguous data (personal correspondence with Dr. Wan Yang). My results reveal a strong 
association between high AIFM2 mRNA expression and resistance to FINs (Fig. 2.4). The 
directionality of this correlation contradicts previous reports claiming AIFM expression to be 
necessary for GPX4-mediated cell death
73
, and instead suggests that the oxido-reductase activity 
of AIFMs may modulate cell response to ferroptosis through redox functions. Lipoxygenases 
have been similarly proposed to be necessary for ferroptosis as the source of lipid peroxidation 
downstream of GSH depletion and GPX4 inhibition
73,75
. Gene expression of lipoxygenase 
isoforms across CTRPv2 have a limited dynamic range and are uninformative, making it difficult 
to draw conclusions from this data set about lipoxygenase involvement in ferroptosis. However, 
the higher abundance of mono- and poly-unsaturated fatty acids in FIN-sensitive cell lines may 
confer these cells with a greater propensity to undergo both enzymatic and non-enzymatic lipid 
peroxidation upon initiation of ferroptosis
67
 (Fig. 2.8). 
 
Relationship to apoptosis 
Non-apoptotic forms of cell death, like ferroptosis, have been proposed as means to kill 
cancer cells that have become resistant to undergoing apoptosis
8
. Several lines of data from my 
omic-association studies lend support to this idea. The most compelling among these is the 
strong correlation between high protein levels of the anti-apoptotic protein BCL2 and sensitivity 
to FINs (Fig. 2.7). The second is the correlation between cell-line sensitivity to FINs, cell-line 
sensitivity to knockdown of BCL2 (Fig. 2.9), and cell-line expression of a gene signature 
predicting sensitivity to navitoclax
171
 (Fig. 2.5), a compound that inhibits anti-apoptotic proteins 
to restore apoptosis in apoptosis-resistant cells.  Many chemotherapeutic agents are thought to 
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kill cancer cell by triggering apoptosis
131,132
. The correlation between sensitivity to FINs and 
gene signatures of resistance to doxorubicin and cisplatin (Fig. 2.5) is a third indication that the 
induction of ferroptosis may be an effective strategy to kill cancer cells that are deficient in their 
ability to undergo apoptosis.  
 
Activation of PI3K-AKT-mTOR pathway 
A final theme emerging from omic analyses relates to activation of metabolic programs 
converging on the PI3K-AKT-mTOR pathway. The primary evidence for this comes from 
proteomic data where high levels of multiple 4E-BP1 phospho isoforms, reporters of mTOR 
activity
172
, are the most strongly correlated protein-level biomarkers of sensitivity to FINs (Fig. 
2.7). Several additional components of the PI3K-AKT-mTOR pathway are also associated with 
cell-line responses to FINs. These includes the positive correlation between sensitivity to FINs 
and high protein levels of p70S6K, PDK1 and IRS1, all involved in transducing PI3K-AKT-
mTOR signals
172
, and the negative correlation between sensitivity to FINs and high protein 
levels of INPP4B and PTEN, both negative regulators of the pathway
172
 (Fig. 2.7, Appendix I).  
This striking and robust preferential activation of the PI3K-AKT-mTOR pathway in FIN-
sensitive cells also lends coherence to many of the previous observations derived from omic 
correlation analyses. FOXO3, shown to be negatively associated with FIN sensitivity is a target 
for inactivation by AKT
173
. AKT is also known to inhibit expression of pro-apoptotic proteins 
and effectors, rendering cells resistant to apoptotic stimuli
173
. Through its coordinate actions on 
FOXO3 and apoptotic regulators, AKT may be actively shifting the balance of cell death 




PI3K-AKT-mTOR pathway activation may also represent a preferred mechanism of 
mesenchymal cells for engaging survival and mitogenic pathways while bypassing canonical 
epithelial signaling cascades
141
. This model has been proposed to explain the intrinsic resistance 
of many cancer cells in a mesenchymal cell state to agents targeting EGFR-family RTKs and 
downstream components of the MAPK pathway
141,174
. Within the context of CTRPv2 data, this 
model of cell-type-dependent cellular circuitry reconciles the mesenchymal lineage-specific 
sensitivity to FINs with molecular correlates of FIN sensitivity. 
 
Materials and methods 
 
Compound treatment 
All viability experiments were performed in 1536-well format using opaque white plates 
(Corning). 24 hours after seeding at optimized densities, cells were exposed to compounds for 72 
hours. Cellular ATP levels (as a surrogate for viability) were measured using CellTiter-Glo 
(Promega). FINs were tested in 16-point 2-fold dose series with top doses as follow: erastin 
(66.67μM), RSL3 (33.33μM), ML162 (33.33μM), ML210 (33.33μM). 
 
Omic data sets 
Gene-expression data (RMA-processed, quantile normalized), Oncomap mutation data 
(processed using Oncomap 3.0), Hybrid capture sequencing mutation data and DNA copy 
number data were obtained from the CCLE portal at http://www.broadinstitute.org/ccle. shRNA 
data and ATARiS gene solutions were obtained from the Project Achilles portal at 
http://www.broadinstitute.org/achilles. Unpublished RPPA proteomic data was produced by the 
laboratory of Gordon Mills (MD Anderson) and made available by CCLE. Unpublished 
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metabolomic data were produced by the Broad Metabolite Profiling Platform and made available 
by CCLE.  
 
Correlation analyses 
AUC values, as a metric of cell-line sensitivity to compound treatment
107
, were correlated with 
cellular features. The number of cell lines used in individual correlation analyses, as well as 
specific cell-line exclusions (e.g. exclusion of hematopoietic cell lines) are noted in the main text 
and figure legends. Correlation data are plotted as z-scores computed from permutation tests 
(6000 permutations of cell-line labels) to account for individual compounds having been exposed 
to different numbers of cell lines. Box-and-whisker plots and scatter plots were produced in 
GraphPad Prism.  
 
Category-specific sensitivity determination 
For each class assignment (e.g. bone lineage), the number of cell lines with an AUC below 7 
(‘sensitive’) and the number of cell lines with an AUC equal to or above 7 (‘insensitive’) were 
tabulated. Fisher’s exact test was used to assess whether the distribution of AUCs within the 
given class assignment varied significantly from the distribution of all other pooled cell lines. 
Generally, classes that contained greater than 76% sensitive cells cell lines met a p-value cut-off 
of 0.05. 
  
Category-specific delta-median AUC calculations 
For each class assignment (e.g. bone lineage), a median AUC was computed for each compound 
across all cell lines belonging to the class. The median AUC for each compound across all cell 
lines not belonging to that class was then subtracted from the within-class median AUC, to yield 
a delta-median AUC value. Suspension cell lines were excluded from this analysis. Significance 
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testing was applied using a Student’s t-test assuming unequal variance. Tests to evaluate AUC 
distributions for each compound within a given class assignment (e.g. bone lineage) were 
regarded as a family of hypotheses for the purpose of multiple hypothesis-test correction. 
Compounds within each class are plotted in rank order of their delta-median AUC (smallest to 
largest). Compounds that meet a p-value cut-off of 0.05 after correction for multiple hypothesis 
testing are plotted as larger dots than those compounds not meeting the 0.05 p-value cut-off. 
 
Clustering analysis 
Pairwise distances between compounds were computed using Pearson correlation distances 
normalized by Fisher's z-transformation to account for pairs of compounds exposed to different 
numbers of cell lines in common
107,175
. Normalized correlation z-scores were further transformed 
using a monotonic double-sigmoid function to emphasize variation in the most relevant part of 
the resulting dendrograms
107,175
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Advances in identifying and targeting cancer genotype- and lineage-associated 
dependencies have yielded remarkable although not always long-lasting clinical 
responses
176
. The plasticity of cancer cell states is gaining recognition as an important 
engine of tumor phenotypic heterogeneity, giving rise to distinct subpopulations of cells 
that can contribute to drug resistance, relapse, and disease progression
177
. Notably, 
acquisition of a mesenchymal cell state by epithelial cancer cells (epithelial-to-mesenchymal 
transition; EMT) has been proposed to underlie metastatic dissemination, cancer stem cell 
(CSC) phenotypes, and resistance to targeted therapies
131,136
. Therapeutically exploitable 
vulnerabilities among the subset of cancer cells that have undergone EMT remain largely 
unknown, with current efforts predominantly focused on targeting regulators of the 
transition. A related challenge is posed by cancers derived from mesenchymal tissues, 
which suffer a similar dearth of rational therapeutic targets
154
. Here, we describe for the 
first time the vulnerability of cancer cells in a high-mesenchymal cell state to small 
molecules that inhibit pathways converging on the phospholipid glutathione peroxidase 
GPX4. Direct and indirect inhibitors of GPX4 activity exhibit selectivity for epithelial-
derived cancer cells that have undergone EMT, as well as cancer cells of mesenchymal 
origin. Importantly, GPX4 inhibitors affect a substantial proportion of mesenchymal 
cancer cells at lower concentrations than non-transformed mesenchymal cells, pointing to a 
potential therapeutic window for future treatments derived from these insights. Our results 
identify the GPX4 pathway as a novel selective dependency of the transformed 
mesenchymal cell state, and more broadly establish a framework for identifying cancer cell 






We hypothesized that mining cancer cell-line sensitivity data for compounds whose 
cytotoxic effects correlate with a gene-expression signature of mesenchymal cell state would 
illuminate mesenchymal cell state-selective vulnerabilities. To explore this approach, we 
computed a mesenchymal score for 470 epithelial-derived cancer cell lines (carcinomas) used to 
generate sensitivity measurements in the Cancer Therapeutics Response Portal Version 2 
(CTRPv2 at www.broadinstitute.org/ctrp; gene expression data obtained from the CCLE portal at 
www.broadinstitute.org/ccle)
107
 (Supplementary Table 1), by performing single-sample gene set 
enrichment analysis (ssGSEA)
158
 using a published gene-expression signature of epithelial-to-
mesenchymal transition (EMT)
178
. Correlating these cell line mesenchymal scores with an area-
under-the-curve (AUC) metric of cell-line sensitivity (from 16 concentrations measured in 
duplicate) to each of 481 compounds yielded a range of compound sensitivity-mesenchymal 
score correlation coefficients (Fig. 3.1a, Appendix II). Similar results were obtained using two 
other published EMT gene-expression signatures (Extended Data Fig. 3.1, Appendix II)
139,140
. 
Tyrosine kinase inhibitors (TKIs) known to inhibit epithelial cancer cell targets (e.g. epidermal 
growth factor receptor; EGFR) were among the compounds most correlated with epithelial cell 
state sensitivity, increasing our confidence in this computational approach (Fig. 3.1a). Also, 
ML239, a compound initially identified for its ability to preferentially kill breast cancer cells 
induced to undergo EMT
179
, correlated with mesenchymal cell-state sensitivity, further 
validating this strategy (Appendix II).  
Two distinct classes of compounds were the most strongly correlated with selective 
killing of epithelial cancer-derived cell lines with high mesenchymal state gene-expression 
scores (Fig. 3.1a). The first class comprises RSL3
56







, a non-apoptotic, oxidative form of regulated cell death (Fig. 3.1b). The 
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second class comprises the 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMGCR) inhibitors 
fluvastatin, lovastatin acid, and simvastatin (Fig 1b). We refer to these six compounds 
collectively as mesenchymal state-targeting compounds.  
The correlation of low protein levels of E-cadherin, a canonical epithelial-state marker, 
and high protein levels of vimentin, a marker of the mesenchymal state,  with cell-line sensitivity 
to mesenchymal state-targeting compounds across a panel of eight pancreatic and gastric cancer 
cell lines provided further validation of the mesenchymal state-targeting effects of these 
compounds (Fig. 3.1c, Extended Data Fig. 3.2).  Among epithelial cancer-derived cell lines, the 
strength of correlation between mesenchymal score and sensitivity to mesenchymal state-
targeting compounds varied by lineage, with stronger correlations seen in a subset of 
gastrointestinal lineages (Extended Data Fig. 3.3). In addition to exhibiting selectivity for 
epithelial cancer-derived cell lines with high expression of mesenchymal state genes, the 
ferroptosis-inducing class of mesenchymal state-targeting compounds also preferentially killed 
cancer cell lines of mesenchymal origin (Fig. 3.1d). Of potential therapeutic importance, we 
observed a window of differential sensitivity between mesenchymal-derived cancer cells and 
non-transformed mesenchymal cells to treatment with ferroptosis-inducing, mesenchymal state-
targeting compounds (Extended Data Fig. 3.4). 
To assess the extensibility of our findings, we screened mesenchymal state-targeting 
compounds across multiple cell-line systems modeling epithelial versus mesenchymal cell state. 
MCF7 breast cancer cells engineered to express a tamoxifen-inducible estrogen receptor (ER) 
response element-fused form of the EMT transcription factor Snail-1
181
 became more sensitive to 
mesenchymal state-targeting compounds upon stimulation with 4-hydroxytamoxifen (Fig. 3.2a, 
Extended Data Fig. 3.5a). Likewise, HCC4006 non-small cell lung cancer (NSCLC) cells that 
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have undergone EMT as a mechanism of resistance to gefinitib
182
 were preferentially sensitive, 
compared with parental HCC4006 cells, to mesenchymal state-targeting compounds (Fig. 3.2b, 
Extended Data Fig. 3.5b). Finally, two patient-derived pancreatic cancer cell lines with differing 
sensitivity to the mesenchymal state- and epithelial state-targeting compounds ML210 and 
erlotinib, respectively (Fig. 3.2c), were prospectively found to have levels of epithelial and 
mesenchymal protein markers correlating in the predicted direction with their compound 
sensitivity profiles (Fig. 3.2d).   
To understand the cellular features underlying sensitivity to the ferroptosis-inducing 
subset of mesenchymal state-targeting compounds, we performed a range of analyses correlating 
individual cell-line features with compound sensitivity. To determine which features were 
specifically connected to mesenchymal-state sensitivity, we compared the correlates of the 
ferroptosis-inducing subset of mesenchymal state-targeting compounds with those of diverse 
electrophilic-stress inducers, such as piperlongumine, that show high similarity overall to 
ferroptosis inducers in their patterns of cell-line killing (Fig. 3.3a) but do not exhibit apparent 
mesenchymal state-targeting properties (Appendix II, Extended Data Fig. 3.5).  
Single-gene correlation analysis revealed mRNA expression of solute carrier family 7, 
member 11 (SLC7A11) to be a shared outlier correlate of resistance to both ferroptosis-inducing 
and other electrophilic stress-inducing compounds (Fig. 3.3b). As a component of the glutamate-
cystine antiporter xCT, SLC7A11 plays a critical role in regulating cellular levels of the 
glutathione precursor cysteine, and is inhibited by erastin, a glutathione-depleting ferroptosis 
inducer
55,57
. The singular prominence of SLC7A11 expression in predicting cell-line response to 
electrophilic stress inducers is a novel finding, underscored by the nearly uniform omission of 
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this gene from curated gene sets relating to redox biology and drug response (Extended Data Fig. 
3.6).  
A clear distinction between mesenchymal state-targeting and other electrophilic stress 
inducers emerged from analyzing the correlation of cell-line compound sensitivity with cell-line 
sensitivity to gene knockdown (Fig. 3.3c). From this analysis, we found that cell-line sensitivity 
to knockdown of GPX4 was the top correlate of the ferroptosis-inducing subset of mesenchymal 
state-targeting compounds, and correlated with sensitivity to other electrophilic stress inducers in 
a manner proportional to the strength of their mesenchymal targeting property. This suggested 
that the distinguishing feature of mesenchymal state-correlated compounds may lie in their 
unique ability to inhibit GPX4, a hypothesis that was particularly attractive in light of the finding 
that GPX4 is the relevant direct target of RSL3
56
.  
GPX4, one of  25 selenocysteine-containing proteins encoded in the human genome
183
, 
uses glutathione as a cofactor to reduce allylic lipid hydroperoxides to their corresponding 
alcohols. Perturbation of GPX4 is known to trigger accumulation of lipid-derived ROS and 
subsequent ferroptotic cell death, which can be rescued by treatment with lipophilic 
antioxidants
56
. Using a lysate-based assay that reports on the ability of cellular GPX4 to reduce 
exogenous phosphatidylcholine hydroperoxide, we were able to confirm for RSL3, and 
demonstrate for the first time for ML20 and ML162, that these mesenchymal state-targeting 
compounds do indeed inhibit GPX4 activity (Extended Data Fig. 3.7). Further strengthening this 
functional connection, mesenchymal state-targeting electrophiles, compared with other 
electrophilic stress inducers, were uniquely suppressed by lipophilic antioxidants (Fig. 3.3d).  
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Statins, which are small-molecule inhibitors of HMGCR, are likely to mediate their 
selective killing of high mesenchymal state cancer cells (Fig. 3.1a) through their effects on 
selenoprotein homeostasis
184
. Selenoprotein biosynthesis is a highly specialized process that 
involves isopentenylation of the selenocysteine-charged tRNA as part of selenocysteine tRNA 
maturation
184
. By inhibiting the production of isopentenyl pyrophosphate via the mevalonate 
pathway, statins are known to inhibit selenoprotein biosynthesis
184
. The adjacent clustering of 
statins with direct GPX4 inhibitors in a hierarchical clustering of the CTRPv2 AUC-similarity 
matrix
107
  (Fig. 3.4a), which aims to identify compounds having similar patterns of sensitivity 
across hundreds of cancer cell lines, supports a mechanism of action for statins that is closely 
related to, albeit distinct from, that of direct GPX4 inhibitors. Functionally, treatment of cells 
with fluvastatin led to decreased expression of GPX4 in a time- and concentration-dependent 
manner (Fig. 3.4b), and synergized with subsequent co-treatment with the direct GPX4 inhibitor 
RSL3 (Fig. 3.4c). Unlike the effects of direct GPX4 inhibitors, statin treatment could not be 
rescued by lipophilic antioxidants (Extended Data Fig. 3.8), indicating that statins do not induce 
classical ferroptosis
55
. However, statin treatment did lead to elevated levels of cellular lipid 
hydroperoxidation (Fig. 3.4d) consistent with inhibition of GPX4 protein expression. Further, 
sensitivity to statins across a panel of 166 cancer cell lines correlated strongly with sensitivity to 
knockdown of selenophosphate synthetase 2 (SEPHS2), a critical regulator of selenoprotein 
homeostasis (Extended Data Fig. 3.9). While statins have long been proposed to have anti-cancer 
cell effects through a variety of purported downstream mechanisms
185
, our results suggest that 
the effects of statins on selenoprotein pathways may be an important mechanism underlying their 
in vitro anti-cancer cell activity.  
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From these data emerges a coherent picture of the circuitry underlying a novel 
mesenchymal state dependency (Fig. 3.4e); the dependency centers on GPX4 and is most 
vulnerable to direct inhibition of GPX4, but is also sensitive to suppression of GPX4 
biosynthesis and distal perturbations of the metabolic pathways regulating levels of the GPX4 
cofactor glutathione. Buthionine sulfoximine (BSO), an inhibitor of glutathione biosynthesis that 
was not included in CTRPv2
107
, has been reported to have a pattern of cell killing similar to 
direct GPX4 inhibitors
56
. In a prospective validation of our mechanistic hypothesis, we found it 
to have mesenchymal state-targeting ability, albeit less potently than direct GPX4 inhibition 
(Extended Data Fig. 3.5). As a bioavailable compound having completed phase-I trials
186
, BSO 
may provide a means to test therapeutic hypotheses relating to GPX4 pathway inhibition in 
preclinical and clinical settings. Meanwhile, the diminished mesenchymal state-targeting effects 
of other compounds known to act on this pathway, such as the glutathione-modulating compound 
piperlongumine
187
, may be due to reasons ranging from insufficiently strong glutathione-
depleting activity to bona fide mechanistic differences.  
The results presented here illustrate an approach to the discovery of cancer cell-state 
dependencies that can be targeted with small-molecule drugs and thus complements the more 
common approach of identifying genotype- or lineage-based dependencies. With respect to the 
cancer mesenchymal state, the approach also complements the more common approach of 




Dysregulation of the apoptotic cascade is characteristic of cells having undergone EMT 
and may explain their resistance to undergoing drug-induced apoptosis
132,188
. Our results suggest 
that these same cells have an enhanced ability to undergo ferroptosis, a non-apoptotic form of 
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regulated oxidative cell death. The preferential sensitivity of cells in a high mesenchymal state to 
an oxidative form of cell death is intriguing, given that cells with a CSC phenotype have 
previously been shown to have heightened antioxidant defenses
189,190
. Our results, which 
consider diverse types of electrophilic stress, underscore the specialized nature of distinct 
cellular redox stress-handling mechanisms, and argue that cells in a high mesenchymal state may 
be particularly susceptible to iron-dependent reactions of lipid hydroperoxides, even while 
showing no obvious defects in their ability to weather other forms of oxidative stress. This 
specific vulnerability can in turn be exploited by inhibition of the lipid hydroperoxidase GPX4, 
which functions as a mesenchymal state survival protein to protect cells from lipid 
hydroperoxide-mediated cell death. 
The mechanistic basis of the dependency of high mesenchymal state cancer cells on lipid 
hydroperoxide scavenging remains to be uncovered. We hypothesize that it may stem from an 
increase in cellular lipid content and desaturation, which yield the substrates of oxidative lipid 
hydroperoxide-generating reactions and enable higher flux through GPX4-regulated lipid 
oxidation pathways, such as those producing eicosanoids and other complex lipid ‘second 
messengers’ implicated in metastatic behavior
191
. A convergence on these themes is consistent 
with recent data suggesting that ML239 may exert its breast cancer stem cell-targeting effects by 
acting on lipid biosynthetic pathways
106
. The difference in median IC50 between transformed vs. 
non-transformed mesenchymal cells to GPX4 pathway inhibition suggests that the cellular 
programs giving rise to this dependency may be more strongly associated with the transformed 
mesenchymal state. This therapeutic window is perhaps unsurprising, given that ferroptosis-
inducing small molecules were initially identified for their ability to kill engineered Ras-
transformed fibroblasts, while sparing isogenic non-transformed counterparts
55,62
. In light of our 
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findings, it appears that this screening approach, rather than identifying Ras-synthetic lethal 
interactions per se, has instead enriched for compounds that report on dependencies of the 
transformed mesenchymal state, a transcriptional output not unique to Ras, but common to 
diverse oncogenic stimuli.  
Transition to a mesenchymal cell state is increasingly appreciated as a mechanism 
exploited by epithelial cancer cells to escape the effects of conventional therapies
131,136
. Our data 
suggest that inhibition of the GPX4 pathway including GPX4 itself may provide a means to 
target these drug-resistant cells. EMT-driven acquired resistance to EGFR inhibitors in the 
setting of NSCLC
149
 presents a particularly compelling clinical context for exploration of 
rational combination strategies involving GPX4-pathway inhibitors. More broadly, we believe 
that mesenchymal state-targeting compounds fall into a framework for targeted therapies that 
transcends traditional classification based on driver oncogenes. Instead, a selection criterion 
extending across solid tumor types and defined by low levels of E-cadherin protein is likely to 
constitute an effective approach, encompassing both epithelial cancer cells that have acquired a 





Figure 3.1. Gene-signature, proteomic- and lineage-based correlation analyses identify 
mesenchymal state-targeting compound classes. a, Box-and-whisker plot of z-scored Pearson 




 percentile outlier compounds (black and colored 
dots) whose cytotoxic effects are correlated with cell line mesenchymal score. b, Structures of 
mesenchymal state-targeting compounds. c,  Scatter plot with linear-regression line (red) 
showing the relationship between cell-line levels of E-cadherin and sensitivity to a mesenchymal 
state-targeting compound (ML210) across a panel of pancreatic and gastric cancer-derived cell 
lines (see Extended Fig. 3.2).  d, Ferroptosis-inducing subset of mesenchymal state-correlated 
compounds (red dots) are preferentially active in sarcoma (mesenchymal-derived) vs. carcinoma 
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(epithelial-derived), as well as among cancer cell lines derived from individual mesenchymal vs. 





Figure 3.2. Validation of mesenchymal state-targeting activity in diverse EMT models.  
a,  Engineered MCF-7 breast cancer cells induced with a small molecule (4-hydroxytamoxifen; 
4-OHT) to express high levels of SNAI1 and undergo EMT (red curve), and b, HCC4006 lung 
cancer cells that have undergone EMT as a mechanism of resistance to gefitinib (red curve) 
exhibit increased sensitivity to mesenchymal state-correlated compounds. c, Two patient-derived 
pancreatic cancer cell lines with differing sensitivity to a mesenchymal state-targeting compound 
(ML210) vs. an epithelial state-targeting compound  (erlotinib) are  d, found to have expression 





Figure 3.3. Single-feature correlations highlight a glutathione-dependent selenoprotein 
pathway as determining sensitivity to the ferroptosis-inducing class of mesenchymal state-





 percentile outlier compounds (black dots; inducers of electrophilic stress in 
shades of orange) that share a similar pattern of cell killing with RSL3 across 663 tested cell 
lines (excludes suspension cell lines). b, SLC7A11 (red dots) is a shared gene-expression outlier 
correlate among electrophilic stress-inducing compounds. Box-and-whisker plots of z-scored 




 percentile outlier transcripts (black dots) 
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whose baseline expression is correlated with compound sensitivity across 640-663 cancer cell 
lines (excludes suspension cell lines). c, Sensitivity to GPX4 knockdown (red dots) is uniquely 
correlated with sensitivity to  mesenchymal state-targeting electrophilic compounds. Box-and-




 percentile outlier 
shRNA composites (black dots) correlated with compound sensitivity across 136-139 cancer cell 
lines (excludes hematopoietic cell lines).  d, The ferroptosis-inducing  subset of mesenchymal-
targeting compounds can be suppressed by lipophilic antioxidants (α-tocopherol, ferrostatin-1) in 






Figure 3.4. The statin class of mesenchymal state-targeting compounds comprises indirect 
inhibitors of glutathione-dependent selenoprotein function. a, Hierarchical clustering of a 
pairwise similarity matrix for 481 compounds
107
, where each matrix element represents the 
strength of correlation between the sensitivity patterns of two compounds in up to 664 cell lines 
(excludes suspension cell lines)
107
. b, Fluvastatin treatment of HT-1080 cells decreases  GPX4 
protein levels in a time- and concentration-dependent manner  c, synergizes with a direct GPX4 
inhibitor (RSL3), and d, leads to accumulation of lipid hydroperoxides. e, Schematic of the 
glutathione-dependent selenoprotein circuitry underlying a dependency of high mesenchymal 













Extended Data Figure 3.1 | Compound AUC-mesenchymal score correlations. Box-and-





outlier compounds (black and colored dots) whose cytotoxic effects are correlated with three 






 EMT gene signatures.  






















Extended Data Figure 3.2 | Correlation of cell-line E-cadherin and vimentin protein levels 
with sensitivity to mesenchymal state-targeting compounds. a, Pancreatic and gastric cancer 
cell lines with low E-cadherin protein levels have high levels of vimentin and are b, 
preferentially sensitive to ML210, a mesenchymal state-targeting compound. Concentration-













Extended Data Figure 3.3 | Lineage-specific AUC- mesenchymal score correlations. Scatter 
plots with linear regression line (red) show the relationship between cancer cell-line 
mesenchymal score and cell-line sensitivity to ML210 (ferroptosis-inducing, mesenchymal state-
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targeting compound) within different epithelial-derived cancer lineages. Gastrointestinal lineages 


























Extended Data Figure 3.4 | Relative sensitivity of transformed and non-transformed 
mesenchymal cell lines to GPX4 inhibition.  a, A substantial proportion (57%) of sarcoma-
derived cell lines have a lower IC50 for ML210 compared with the ML210 IC50 of non-
transformed mesenchymal cell lines. A smaller proportion (11%) of sarcoma-derived cell lines 
are preferentially sensitive (determined by IC50) to doxorubicin as compared to non-transformed 
mesenchymal cell lines. Concentration-response curves for sarcoma-derived cell lines are from 
CTRPv2. Concentration-response curves for non-transformed mesenchymal cell lines represent a 
separate experiment and were processed using the same MATLAB code used to analyze 











































Extended Data Figure 3.5 | Relative sensitivity of cell lines modeling EMT to a diverse 
panel of compounds.  a, Engineered MCF-7 breast cancer cells induced with a  small molecule 
(4-hydroxytamoxifen; 4-OHT) to express high levels of SNAI1 and undergo EMT (red curve). b, 
HCC4006 lung cancer cells that have undergone EMT as a mechanism of resistance to gefitinib 
(red curve). Representative graphs of data are shown (mean ± s.d. when multiple technical 
replicates are plotted). Erastin and BSO are ferroptosis inducers, piperlongumine, PX-12 and 
PRIMA-1 are electrophiles, trametinib is an epithelial state-targeting compound, doxorubicin, 













Extended Data Figure 3.6 | Membership of SLC7A11 in curated redox-related gene set. 
Redox associated genes are listed along the horizontal axis, while curated redox-associated gene 
sets are listed along the vertical axis. Membership of a gene in a given gene set is indicated by 
























Extended Data Figure 3.7 | Effect of RSL3, ML162 and ML210 on lysate GPX4 activity. 
Treatment of cells with RSL3, ML162 or ML210 inhibits the ability of cellular lysate to reduce 





















Extended Data Figure 3.8 | Modulation of statins by mevalonate pathway intermediates 
and antioxidants. a, The effect of statins on HT-1080 fibrosarcoma-derived cells is rescued by 
































Extended Data Figure 3.9 | Correlation of cell-line fluvastatin sensitivity with cell-line 
sensitivity to knockdown of SEPHS2. a, Cell-line sensitivity to fluvastatin is strongly 
correlated with cell-line sensitivity to knockdown of selenophosphate synthase 2 (SEPHS2), a 
critical regulator of selenoprotein biosynthesis. Information coefficients (IC) computed from 
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across 134 cancer cell lines (excluding suspension) (see Methods for description of IC). b, 






Correlations of areas under concentration-response curves (AUCs) with cellular features 
are plotted as z-scores computed relative to permutation tests (6000 permutations of cell-line 
labels) to account for differences in the number of cell lines exposed to individual compounds. 
Pearson correlation distances were used in clustering applications
107
, and a Loewe additivity 
model of compound interactions was assumed for synergy analyses
192
. Box-and-whisker plots, 
scatter plots and concentration-response curves were visualized in GraphPad Prism. Cellular 
viability experiments were performed in 384-well format. Cells were exposed to compounds for 
72 hours, after which cellular ATP levels were measured as a surrogate for viability using 
CellTiter-Glo (Promega). Compound treatment of 4-OHT-induced MCF-7 ER-Snail-1 cells
181
 
and gefitinib-adapted HCC4006 cells
182
 were performed in the absence of 4-hydroxytamoxifen 
(4-OHT) (Sigma) and gefitinib (SelleckChem), respectively. Patient-derived cells were 
developed from ascites (AA01) or pleural fluid (AA02) from patients with metastatic pancreatic 
ductal adenocarcinoma by the Cell Line Factory at the Broad Institute 
(http://www.broadinstitute.org/cellfactory) using protocols approved by the Dana-Farber Cancer 
Institute and Brigham and Women’s Hospital Institutional Review Boards. Cells were cultured 
using conditional reprogramming with a ROCK inhibitor and feeder cells as previously 
described
193
. Immunostaining experiments used antibodies against E-cadherin (BD Biosciences, 
BD610181, 1:1000), vimentin (Cell Signaling, 5741, 1:1000), β-actin (Santa Cruz, sc-47778, 
1:200), and GPX4 (Abcam, ab41787, 1:1000). GPX4 activity inhibition was measured by 
exposing HT-1080 cells to vehicle (0.1% DMSO) or 10μM RSL3, ML210 or ML162 for 1.5 
hours. Lysate from these cells was assayed by LCMS for the ability to reduce exogenous 
phosphatidylcholine hydroperoxide
56
. Cellular lipid peroxidation was measured by incubating 
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cells with 2µM BODIPY 581⁄591 C11 (Life Technologies) for 10 minutes at 37° C followed by 






Omic data sets 
Gene-expression data (RMA-processed, quantile normalized) were obtained from the CCLE 
portal at http://www.broadinstitute.org/ccle. shRNA data and ATARiS gene solutions were 
obtained from the Project Achilles portal at http://www.broadinstitute.org/achilles.  
 
Computation of mesenchymal score 
Mesenchymal scores were computed by single-sample Gene Set Enrichment Analysis 
(ssGSEA)
158
, which estimates the degree of coordinate up- or down-regulation of members of a 
given gene set within a transcriptionally profiled sample. Published EMT gene 
signatures
139,140,178
 were analyzed using this method, yielding a single 'mesenchymal score' per 
signature for each epithelial-derived (carcinoma) cell line. 
 
Category-specific delta-median AUC calculations (Fig. 3.1d) 
For each class assignment (e.g. bone lineage), a median AUC was computed for each compound 
across all cell lines belonging to the class. The median AUC for each compound across all cell 
lines not belonging to that class was then subtracted from the within-class median AUC, to yield 
a delta-median AUC value. Suspension cell lines were excluded from this analysis. Significance 
testing was applied using a Student’s t-test assuming unequal variance. Tests to evaluate AUC 
distributions for each compound within a given class assignment (e.g. bone lineage) were 
regarded as a family of hypotheses for the purpose of multiple hypothesis-test correction. 
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Compounds within each class are plotted in rank order of their delta-median AUC (smallest to 
largest). Compounds that meet a p-value cut-off of 0.05 after correction for multiple hypothesis 
testing are plotted as larger dots than those compounds not meeting the 0.05 p-value cut-off.  
 
Correlation analyses 
AUC values, as a metric of cell-line sensitivity to compound treatment
107
, were correlated with 
cellular features (gene-expression, gene-knockdown sensitivity), ssGSEA-derived cell-line 
mesenchymal scores, and with one another (across compounds). The number of cell lines used in 
individual correlation analyses, as well as specific cell-line exclusions (e.g. exclusion of 
hematopoietic cell lines) are noted in the main text and figure legends. Correlation data are 
plotted as z-scores either computed from permutation tests (6000 permutations of cell-line 
labels), or computed analytically using Fisher’s z-transformation
175
 to account for individual 
compounds having been exposed to different numbers of cell lines. Box-and-whisker plots and 
scatter plots were produced in GraphPad Prism.  
 
IC association scores (Extended Fig. 3.9) 
The association scores between compound sensitivity and gene-knockdown sensitivity profiles 
were estimated using the Information Coefficient (IC)
194
. The IC was computed using kernel-
based density estimation
195
 of differential mutual information and rescaled to lie within the [-1, 
1] interval. The statistical significance of each IC score was computed via nominal p-values and 
false-discovery rates (FDR) computed using an empirical permutation test. For additional details 





Antioxidant co-treatment (Fig.3. 3e) 
86 
 
AUCs were computed from concentration-response curves of HT-1080 cells exposed to lethal 
compounds alone, or in combination with the indicated antioxidant. AUCs of compound-
antioxidant combinations were subtracted from AUCs of compound alone. Resulting delta-AUCs 
were clustered using Pearson correlation distances and complete linkage. 
CTRPv2 cluster (Fig. 3.4a) 
Pairwise distances between compounds were computed using Pearson correlation distances 
normalized by Fisher's z-transformation to account for pairs of compounds exposed to different 
numbers of cell lines in common
107,175
. Normalized correlation z-scores were further transformed 
using a monotonic double-sigmoid function to emphasize variation in the most relevant part of 
the resulting dendrograms
107,175






HT-1080 fibrosarcoma cells and WI38 lung fibroblasts were purchased from ATCC. 
Mesenchymal stem cells (MSCs), human umbilical vein endothelial cells (HUVECs), and 
hematopoietic progenitors (CD34+) cells were obtained from Lonza. BJeH foreskin fibroblasts 
were procured from the Weinberg Lab (Whitehead Institute), MCF-7 ER-Snail-1 cells
181
 were 
obtained from the Haber Lab (Massachusetts General Hospital), and gefitinib-sensitive and -
resistant HCC4006 lung cancer cells
182
 were obtained from the Engelman Lab (Massachusetts 
General Hospital). AA01 and AA02 patient-derived cell lines were developed from ascites 
(AA01) or pleural fluid (AA02) of patients with metastatic pancreatic ductal adenocarcinoma 
using IRB-approved protocols at the Dana-Farber Cancer Institute and the Brigham and 
Women’s Hospital.  Cells were cultured by the Cell Line Factory at the Broad Institute 
(http://www.broadinstitute.org/cellfactory) using conditional reprogramming with a ROCK 
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inhibitor and feeder cells as previously described
193
. Briefly, each patient-derived sample was 
placed into culture on a layer of irradiated 3T3-J2 feeder cells in F-media containing ROCK 
inhibitor. At passage number five, cell pellets were collected and KRAS mutation status was 
confirmed by targeted PCR-Sanger sequencing using isolated genomic DNA. Exome sequencing 
later confirmed the purity of the cell lines (99% tumor) and provided detailed mutational and 
copy number characterization data.  Cells were effectively grown in DMEM-based media 
without ROCK inhibitor beyond passage number five. 
HT-1080, WI38, MCF-7 ER-Snail-1, AA01 and AA02 cells were maintained in DMEM, 
supplemented with 10% FBS and 1% penicillin/streptomycin (all media components from 
Sigma). BJeH cells were maintained in 65% DMEM, 20% Medium 199 (Sigma), and 15% FBS 
supplemented with 1% penicillin/streptomycin. HCC4006 cells were cultured in RPMI 
supplemented with 10% FBS and 1% penicillin/streptomycin (Sigma). HCC4006 gefitinib-
resistant cells were maintained in 10µM gefitinib (SelleckChem), replaced every three days. 
MSCs were grown in MSC growth media (Lonza), HUVECs in EGM-2 media (Lonza) and 
CD34 cell in serum-free HPGM media (Lonza) supplemented with 25 ng/mL stem cell factor, 50 
ng/mL thrombopoietin and 50 ng/mL FLT-3 ligand (all cytokines from Peprotech).  
 
Compounds 
1S,3R-RSL3 was synthesized according to previously published protocols
56
. All other 
compounds were obtained from Broad Institute Compound Management Platform or purchased 
from SelleckChem or Sigma. 
  
Compound treatment 
All viability experiments were performed in 384-well format using opaque white plates 
(Corning). 24 hours after seeding at optimized densities, cells were exposed to compounds at 
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indicated concentrations for 72 hours. Cellular ATP levels (as a surrogate for viability) were 
measured using CellTiter-Glo (Promega). For co-treatment experiments, spent media was 
removed 24 hours after cell seeding and replaced with media containing a single concentration of 
the modulator of interest (e.g. antioxidant). Compound treatment began one hour later.  
MCF-7 ER-Snail-1 cells
181
 were induced to undergo EMT with 1µM 4-hydroxytamoxifen (4-
OHT, Sigma), replaced every 72 hours, for a total of 120 hours. Induced cells were allowed to 
recover from 4-OHT treatment for 24 hours before being exposed to compounds for 72 hours (in 
the absence of 4-OHT). The upregulation of EMT-related genes in 4-OHT induced cells under 
these conditions was confirmed using a Fluidigm Real-Time PCR system (Appendix III). 
HCC4006 gefitinib-resistant cells
182
 were exposed to compounds in the absence of gefitinib. For 
experiments characterizing GPX4 protein levels in fluvastatin-treated HT-1080 cells (Fig. 3.4b), 
spent media was removed every 48 hours and replaced with fresh media containing the indicated 
concentration of compound.  
 
RSL3-fluvastatin synergy analysis (Fig. 3.4c) 
HT-1080 cells were exposed to the indicated concentrations of fluvastatin for 48 hours. At the 
end of this period, fluvastatin-containing media was removed and replaced with media 
containing the indicated concentrations of RSL3 and fluvastatin. Deviation from expected 





Cells were seeded in 6-well dishes and cultured to 70% confluence. RIPA buffer (Thermo 
Scientific) supplemented with phosphatase inhibitor (Thermo Scientific) and protease inhibitor 
cocktails (Roche) was used to lyse cells. Lysate was centrifuged at 12,000 rpm for 10 minutes at 
4° C, and protein concentration in the supernatant was quantified using a Bradford reagent (Bio-
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rad).  Approximately 40μg of protein were mixed with sample buffer (Bio-rad) and boiled at 95° 
C for 10 minutes, followed by incubation on ice for five minutes. Samples were separated by 
SDS-PAGE (Novex 4–12% Bis-Tris gel, Life Technologies) and transferred to a nitrocellulose 
membrane using an iBlot system (Life Technologies). Membranes were blocked with Odyssey 
Blocking Buffer (LI-COR), and incubated with primary antibodies overnight at 4° C and LI-
COR secondary antibodies for one hour at room temperature. Membranes were imaged using the 
LI-COR Odyssey Imaging System and protein levels were quantified using ImageJ software. 
Antibodies used: anti-E-cadherin (BD Biosciences, BD610181, 1:1000), anti-vimentin (Cell 
Signaling, 5741, 1:1000), anti-β-actin (Santa Cruz, sc-47778, 1:200), and anti-GPX4 (Abcam, 
ab41787, 1:1000).  
 
GPX4 activity assay 
GPX4 activity was assayed as previously described
56
. Briefly, 20 million HT-1080 cells were 
exposed to vehicle (0.1% DMSO) or 10μM RSL3, ML210 or ML162 for 1.5 hours. Sonication 
was used to lyse cells and the resulting solution was centrifuged at 14,000 rpm for 10 min. 200μg 
of cleared lysate were incubated with phosphatidylcholine hydroperoxide and reduced 
glutathione for 30 minutes at 37° C. Lipids were extracted from this mixture using a 
chloroform:methanol (2:1) solution and evaporated using a Rotavap. The extract was 
reconstituted in 100% ethanol and injected into an Ultimate 3000 Rapid Separation Liquid 
Chromatography system (Thermo Scientific) coupled to an amaZon SL ion trap mass 
spectrometer (Bruker).  
 
Lipid peroxidation assay 
Measurement of cellular lipid peroxidation was performed as previously described
56
. HT-1080 
cells were seeded in 6-well plates at the following densities: 50,000 cells per well for vehicle 
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(0.05% DMSO) and 0.5μM fluvastatin, 150,000 cells per well for 1µM fluvastatin, 250,000 cells 
for 2µM and 4µM fluvastatin, and 350,000 cells for 8µM fluvastatin. Following 96 hours of 
compound exposure, cells were collected, resuspended in 500uL of Hank’s Balanced Salt 
Solution (HBBS; Gibco) and incubated with 2µM BODIPY 581⁄591 C11 (Life Technologies) for 
10 minutes at 37° C. Cells were then washed twice in HHBS and analyzed using a C6 flow 
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CHAPTER IV. Transsulfuration pathway modulates cell-line sensitivity to ferroptosis 
inducers 
*At the time of submission of this dissertation, the work presented in this chapter is being 
prepared as a manuscript for publication entitled: 
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Cysteine is an amino acid that cancer cells rely upon for protein synthesis, 
generation of diverse sulfur-containing metabolites and for sensing and responding to  
xenobiotic and oxidative stress
196
. Despite this, it is poorly understood whether cysteine 
metabolic pathways constitute a dependency of cancer cells that can be targeted for 
therapeutic benefit
197–199
. Here we report results of the first large-scale survey of cancer 
cell-line sensitivity (860 cancer cell lines) to inhibition of cystine import
107
. We find 
dependence on import of cystine, the predominant extracellular form of cysteine
198,200
 to be 
widespread among cancer cell lines and to be linked to cyst(e)ine auxotrophy. Importantly, 
we demonstrate that cyst(e)ine deprivation, like pharmacological inhibition of cystine 
import, induces ferroptosis, a non-apoptotic form of regulated cell death. Our results 
identify the ‘transsulfuration’
201
 (de novo cysteine synthesis) pathway as a key modulator of 
dependency on cystine import. Activation of transsulfuration appears to be regulated 
coordinately with aspects of methionine and methylation metabolism, and low protein 
levels of the transsulfuration enzyme cystathionine- γ -lyase (CTH) are a potential 
biomarker of cancer-cell sensitivity to inhibition of cystine import. Taken together, our 
results advance current understanding of cysteine metabolic pathways within the broader 
context of cell circuitry, and point to inhibition of critical pathway nodes, including cystine 
import, as a means to target a rationally-defined subset of cancers.  
Erastin is a small molecule inhibitor of SLC7A11
55
, a component of the 
cystine/glutamate antiporter system xc
-
 that is responsible for cellular import of cystine, the 
predominant extracellular form of cysteine
198,200
. We hypothesized that studying the response of 
cancer cell lines to erastin could yield insights into cancer-cell sensitivity to cyst(e)ine 
deprivation, a nutrient stress that cancer cells may encounter in vivo
198,200,202–204
. To explore this 
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premise, we cultured 17 cancer cell lines in media lacking cyst(e)ine and compared their 
responses to cyst(e)ine deprivation and erastin. The results of this experiment reveal a high 
degree of concordance between cell-line sensitivity to erastin and cyst(e)ine auxotrophy (Fig. 
4.1a). The pattern of cell-line sensitivity to cyst(e)ine deprivation is also specific to erastin, 
showing greatest similarity to cell-line responses to erastin compared to  485 other compounds 
profiled in the Cancer Therapeutics Response Portal Version 2
107
 (CTRPv2 at 
www.broadinstitute.org/ctrp) (Fig. 4.1b). 
Inhibition of xCT by erastin is known to induce ferroptosis, a non-apoptotic form of cell 
death that is uniquely suppressed by lipophilic antioxidants including ferrostatin-1
55
. Recently, 
other inhibitors of xCT have also been shown to induce this same form of regulated cell 
death
57,205
. The ability of ferrostatins to rescue the effects of cyst(e)ine deprivation (Fig. 4.1c) 
suggests that cell death due to cyst(e)ine auxotrophy is also ferroptotic. This finding increased 
our confidence that insights derived from studying cell-line responses to erastin could inform the 
biology of cancer dependencies on cysteine metabolism. 
Measurements of cell-line response to erastin made as part of CTRPv2
107
  reveal that 
sensitivity to inhibition of cystine import is a widespread vulnerability across 860 cancer cell 
lines representing 22 somatic lineages (Fig. 4.2a). We have previously shown through a global 
analysis of CTRPv2
 
that the top predictors of cell-line response to xCT inhibition include basal 
cellular abundance of glutathione, a downstream  metabolite of cystine, and mRNA expression 




. However, these features are often poorly predictive of 
cell-line responses to xCT inhibition within individual lineages, for example within the large 
intestine and ovarian lineages (Fig. 4.2b), pointing to the existence of additional context-specific 
factors regulating sensitivity to xCT inhibition.  
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To uncover these features, we undertook a two-class comparison analysis, comparing 
omic features of the most erastin-sensitive large intestinal cancer cell lines with those of the least 
sensitive large intestinal cancer cell lines (Fig. 4.3a). The results of this analysis reveal strong 
differential expression of metabolites belonging to the transsulfuration pathway (Fig. 4.3b-c) 
206
. 
Similar results were obtained in the ovarian lineage (Extended Data Fig. 4.1). 
The transsulfuration pathway is known to catalyze de novo synthesis of cysteine, utilizing 
methionine as a sulfur donor (Fig. 4.3c) 
206–208
. From this mechanistic understanding arises a 
straightforward proposal for the role of transsulfuration in mediating erastin sensitivity: high flux 
through the transsulfuration pathway bypasses the requirement for exogenous cyst(e)ine, while 
defects in transsulfuration induce dependence on cyst(e)ine import for meeting cellular demands 
for cysteine. This model is in contrast to alternatives that might have proposed differing cellular 




To validate the role of the transsulfuration pathway in modulating erastin sensitivity, we 
focused on two histology-matched colorectal cell lines, MDST8 and HCT15. MDST8 and 
HCT15 exhibit vastly different sensitivities to inhibition of cystine import (Fig. 4.3d) despite 
comparable baseline levels of SLC7A11 mRNA (Fig. 4.3e), baseline activity of system xc
-
  (Fig. 
4.3f) and inhibition of system xc
-
 activity upon erastin treatment (Fig. 4.3f). When these cells 
were characterized for their ability to utilize methionine as a sulfur source for synthesis of 
cysteine and its downstream metabolite glutathione
210
, a striking difference emerged (Fig. 4.3g). 
Erastin-resistant HCT15 cells successfully incorporated methionine-derived sulfur into 
glutathione, both at baseline and in the presence of erastin, thereby maintaining a steady supply 
of glutathione even in the presence of erastin. MDST8 cells in contrast, showed minimal capacity 
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to utilize methionine-derived sulfur for glutathione synthesis under both baseline and erastin-
treatment conditions (Fig. 4.3g).  
Cystathionine-β-synthase (CBS) and cystathione-γ –lyase (CTH) are rate-limiting 
enzymes in the incorporation of methionine-derived sulfur into cysteine via homocysteine (Fig. 
4.3c)
207,211
. We hypothesized that the basis of defective transsulfuration in cancer cell lines may 
be due to altered expression of these genes. Survey of the mRNA transcript levels of these two 
genes across MDST8 and HCT15 cells showed no concordance with the demonstrated 
transsulfuration capacity of the cell lines (Fig.4. 4a).  However, at the protein level, we observed 
erastin-resistant HCT15 to have significantly higher levels of CTH than erastin-sensitive MDST8 
cells (Fig. 4.4b). Targeted profiling of CTH across a panel of additional erastin-sensitive and –
resistant cell lines suggests that the relationship between CTH expression and sensitivity to xCT 
inhibition may be more broadly conserved (Extended Data Fig. 4.2). Functionally, the 
consequence of differing CTH protein levels in MDST8 and HCT15 cells was seen in the ability 
of cystathionine, which requires CTH for its conversion to cysteine, to rescue the effects of 
cyst(e)ine deprivation in HCT15 cells but not in MDST8 cells (Fig. 4.4c)
203
.  
We next sought to understand whether changes in CTH might underlie acquired 
resistance to xCT inhibition in a manner analogous to its role in conferring de novo resistance to 
erastin. Isogenic cells differing in expression of voltage-gated anion channel 3 (VDAC3) have 
dramatically different sensitivity to xCT inhibition through an unknown mechanism
58
. 
Metabolite profiling of these isogenic cell lines revealed cystathionine to be among the top 
metabolites downregulated in resistant HT-1080 VDAC3-knockdown cells compared to control 
HT-1080 cells
56
 (Fig. 4.4d). This result suggested that HT-1080 VDAC3-knockdown cells had 
acquired the ability to metabolize cystathionine to cysteine and this capacity may underlie their 
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resistance to inhibition of cystine import. Indeed, by examining protein expression of the 
isogenic pair of HT-1080 cells, we were able to confirm higher protein levels of CTH in erastin-
resistant HT-1080 VDAC3-knockdown cells compared to control cells (Fig. 4.4e). The 
mechanisms by which knockdown of VDAC3 induces this change remain a topic of 
investigation.  
Characterization of CBS protein levels across xCT-dependent and -independent cells 
yielded a more subtle insight. Here, we noticed high molecular weight CBS bands to be present 
in resistant cells at baseline, and to be induced in sensitive cell lines upon xCT inhibition (Fig. 
4.5a). Immunohistochemical interrogation of immunoprecipitated CBS with an anti-SUMO1 
antibody identified these bands to be SUMOylated forms of CBS (Fig. 4.5b). SUMOylation is 
thought to be an activating mark that recruits CBS to the nuclear membrane and promotes its 
incorporation into active homotetramers
212
.  
A related but unexpected feature of cyst(e)ine auxotrophic cells that we uncovered relates 
to their decreased sensitivity to methionine deprivation in comparison to xCT inhibition-resistant 
cells (Fig. 4.6a). We hypothesized that this inverse relationship between cyst(e)ine and 
methionine auxotrophy may be due to a higher propensity of xCT-dependent cells to methylate 
homocysteine to regenerate methionine, rather than commit homocysteine to transsulfuration via 
its conversion to cystathionine
201
. The ability of homocysteine supplementation to rescue the 
effects of methionine deprivation, uniquely in cystine-reliant cells, and the higher baseline 
concentrations of methionine in these cells are both supportive of this model (Fig. 4.6a)
201,211
. In 
light of this result, we wondered whether the tendency toward methionine preservation and 
decreased transsulfuration flux in xCT-dependent cells may impact on S-adenosylmethionine-





methyltransferase (NNMT) is an enzyme whose expression and activity  have recently emerged 
as critical markers of cell states characterized by low methylation potential
215
. By examining the 
levels of NNMT protein and abundance of 1-methylnicotinamide (1-MNA), the metabolite 
product of NNMT, we found xCT-dependent cells to have elevated levels of both (Fig. 4.6b), 
indicating that these cells are likely to have lower methylation potential than xCT-independent 
cells
197,215
. While preliminary, these findings suggest that the suppression of transsulfuration in 
cyst(e)ine auxotrophic cells may be functionally linked to methionine and methylation 




Cysteine auxotrophy has long been recognized as a metabolic phenotype of certain cancer 
cells
198,204
. The observation, however, has remained largely restricted to cancers of hematopoietic 
origin and efforts to target cysteine auxotrophy therapeutically have been hindered by the lack of 
specific and selective cyst(e)ine import inhibitors
198,202–204,216
. The recent discovery and 
development of erastin, an inhibitor of the cystine/glutamate antiporter system xc
-
 , promises to 
galvanize both systematic survey of dependence on cystine import across a broad range of tumor 
types and evaluation of xCT inhibition as an anti-cancer therapeutic strategy
55,57
. By using 
erastin in a large scale cancer cell-line small molecule sensitivity profiling experiment
107
, we find 
that dependence on cystine import is a recurrent and widespread characteristic of cancer cell 
lines derived from diverse lineages -- in no way limited to the hematopoietic lineage. Moreover, 
its association with specific oncogenomic features suggests that it is actively established and 
maintained as part of cellular metabolism rather than being a metabolic phenotype that is 





Our results identifying the transsulfuration pathway as a key mediator of dependence on 
cystine import advance current understanding of this interplay
207,210
 by pointing to a complex 
regulatory landscape governing transsulfuration pathway activity. The lack of correlation 
between protein levels and mRNA transcript abundance of CTH and CBS raises fundamental 
questions about the nature of post-transcriptional regulation that these genes are subject to. It 
also indicates that gene-expression-based metabolic pathway models that are frequently used to 
study cancer metabolic dependencies are unlikely to be informative with regard to the 
transsulfuration pathway. Meanwhile, the relationship between response to xCT inhibition and 
levels of SUMOylated CBS is a critical functional implication of this poorly understood form of 
CBS in countering cyst(e)ine deprivation
212
.  
Novel insights into the biology of transsulfuration enzymes hold importance beyond the 
realm of cancer. For example certain germline mutations in CBS give rise to inborn errors of 
metabolism despite coding for proteins that retain wildtype enzymatic activity
208,213
. These 
mutations are now being recognized as likely altering CBS SUMOylation, thanks to the 
identification of SUMOylation as a post-translation modification of CBS, and the growing 
understanding of SUMOylation in facilitating adaptive responses of CBS
212,217
. Likewise, our 
finding that cysteine-auxotrophic cells undergo ferroptosis, rather than other forms of oxidative 
cell death, argues that the use of a ferrostatin
54,55,74,75
 to combat oxidative stress in patients 
harboring transsulfuration defects may afford a more surgical and effective therapeutic 
intervention than the use of N-acetylcysteine
208,218
.  
We have previously shown that cancer cells that have undergone an epithelial-to-
mesenchymal transition (EMT) are preferentially sensitive to ferroptosis induced by 
perturbations to cysteine and glutathione-related pathways 
104
. In a manner reminiscent of the 
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ovarian and colorectal lineages described in this paper (Fig. 4.2b), neither differential expression 
of SLC7A11 mRNA nor differences in baseline abundance of glutathione appear to be associated 
with EMT-induced sensitivity to ferroptosis
3
. This parallel between the two contexts raises the 
possibility that metabolic mechanisms related to transsulfuration may underlie the vulnerability 
of high mesenchymal state cells to cysteine-metabolic perturbations. Altered transsulfuration 
pathway activity has previously been reported to accompany the emergence of drug-resistant 
populations through mechanisms related to EMT
197,219
. Furthermore, the strong association 
between high levels of 1-MNA and high mesenchymal gene-expression signature within 
CTRPv2 (Extended Data Figure 3) provides a preliminary indication that the cellular circuitry 
we have described in xCT-dependent cells may be conserved in the transformed mesenchymal 
state. Experiments to explore this possibility are currently underway. 
Taken together, our results begin to lay the foundation for a therapeutic approach using 
small molecule xCT inhibitors to target cancer cells with defective transsulfuration due to low 
protein levels of CTH. For advancing this concept further, several key questions must be 
addressed. The most important among these relates to whether dependence on cystine import is 
maintained in the in vivo context, which differs dramatically from in vitro conditions with regard 
to oxygen concentration and reducing potential
196
. Preliminary indications suggest that cancer 
cells that are dependent on cystine import in vitro remain dependent on cystine import in 
vivo
55,56
. Our studies of CBS and CTH also provide insights into the metabolic plasticity intrinsic 
to cyst(e)ine auxotrophy.  While CBS rapidly undergoes adaptive modification in response to 
cysteine deprivation (Fig. 4.5), increased expression of CTH could not be achieved through 
gradual adaption to low cysteine concentrations, and required targeted genetic perturbation (Fig. 
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4.4e-f, and unpublished data). This stable nature of CTH suppression in transsulfuration-




















Figure 4.1. Cyst(e)ine deprivation phenocopies xCT inhibition and induces ferroptosis. a, 
Scatterplot showing the correlation between cancer cell-line sensitivity to erastin and cell-line 





 outlier compounds (black dots) whose cytotoxic effects 
correlate with cancer cell-line sensitivity to cyst(e)ine deprivation across 17 cell lines. c, 








Figure 4.2. Patterns of cancer cell-line sensitivity to xCT inhibition. a, Pie charts 
summarizing sensitivity of cancer cell lines to xCT inhibition by lineage (left) and histology 
(right). The number of cell lines giving rise to sensitivity classifications (see methods) are shown 









 outlier metabolites 
(lower plot) whose cytotoxic effects correlate with sensitivity to xCT inhibition within the 









































Figure 4.3. Abundance of transsulfuration pathway metabolites correlates with sensitivity 
to xCT inhibition. a, Dose-response curves of ‘sensitive’ (green) and ‘resistant’(red) colorectal 
cancer cell lines exposed to erastin. b, Summary statistics for metabolites whose levels are 
significantly associated with sensitive versus resistant cell lines from a. c, Schematic of 
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transsulfuration de novo cysteine synthesis pathway. d, Erastin dose-response curves, e, 
expression of SLC7A11 mRNA, and g, activity of system xc
-
 at baseline and upon treatment with 
erastin in MDST8 and HCT15 colorectal cancer cell lines. g, HCT15 cells demonstrate higher 
incorporation of radiolabeled sulfur from methionine into glutathione (GSH) than do MDST8 






Figure 4.4. Cystathionine-γ-lyase protein levels are a determinant of transsulfuration 
capacity and dependence on cystine import. a, mRNA expression of CBS and CTH and b, 
protein levels of CTH. c, HCT15 cells, but not MDST8 cells, are rescued from the effects of 
cysteine deprivation with exogenous supplementation of 1mM cystathionine. Data are mean ± 
standard deviation. e, HT-1080 fibrosarcoma-derived cells harboring VDAC3 (HT-1080 shNT) 
are more sensitive to erastin and have higher levels of cystathionine than isogenic cell lines with 
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low expression of VDAC3 (HT-1080 shVDAC3). f, HT-1080 shVDAC3 cells express CTH 






Figure 4.5. Levels of SUMOylated cystathionine-β-synthase correlate with sensitivity to 
xCT inhibition and are induced by xCT inhibition. a, Examination of CBS protein levels 
across erastin-sensitive (HT-1080, DU-145) and erastin-resistant (HCT116) cells with and 
without exposure to erastin reveals high-molecular weight bands induced upon treatment in 
sensitive cells, and present at baseline in resistant cells. b, Probing of immunoprecipitated CBS 
with an antibody specific for SUMO1 confirms the identify of higher molecular weight CBS 













Figure 4.6. Cyst(e)ine autotrophy is linked to methionine auxotrophy and cellular 
methylation potential. a, Cell lines demonstrate an inverse correlation between dependence on 
exogenous cyst(e)ine and methionine. Cyst(e)ine-dependent cells are uniquely rescued from the 
effects of methionine starvation by exogenous supplementation with homocysteine. Data are 
mean ± standard deviation. b, Cyst(e)ine-dependent cell lines have higher levels of the 
metabolite N-methylnicotinamide (1-MNA) and c, higher expression of the enzyme  N-













Extended Data Figure 4.1 | Expression of transsulfuration pathway metabolites correlates 
with sensitivity to xCT inhibition within the ovarian lineage. Dose-response curves of 
‘sensitive’ (green) and ‘resistant’(red) ovarian cancer cell lines exposed to erastin and summary 
statistics for metabolites whose levels are significantly associated with sensitive versus resistant 













Extended Data Figure 4.2 | Relationship between CTH protein levels and cell-line 
sensitivity to xCT inhibition. Cancer cell lines that are sensitive to xCT inhibition (labeled in 
blue) have lower levels of CTH protein than cancer cell lines that are insensitive to xCT 











Extended Data Figure 4.3 | Correlation between levels of 1-methylnicotinamide and 
mesenchymal gene-expression signature. High abundance of 1-methylnicotinamide is the 





Materials and Methods 
Omic data sets 
Gene-expression data (RMA-processed, quantile normalized) were accessed from the CCLE 
portal at http://www.broadinstitute.org/ccle. shRNA data and ATARiS gene solutions were 
obtained from the Project Achilles portal at http://www.broadinstitute.org/achilles. Access to 
metabolomic data was made possible by CCLE and the Broad Metabolite Profiling Platform.  
 
Lineage-specific sensitivity designations (Fig. 4.1a) 
For each class assignment (e.g. bone lineage), the percentage of cell lines with an erastin AUC of 
below 7 (‘sensitive’) and with an erastin AUC equal to or above 7 (‘insensitive’) were tabulated. 
Fisher’s exact test was used to whether the erastin AUC distribution within a specific class 
differed significantly from the erastin AUC distribution of all pooled cell lines. Classes 
containing greater than 76% ‘sensitive’ cell lines generally met a p-value cut-off of 0.05. 
 
Correlation analyses 
The Pearson correlation method was used to compute correlations involving cell-line AUC 
data
107
. Raw correlation coefficients are plotted as z-scores computed from 6000 permutations of 
cell-line labels, to account for differences in the number of cell lines used in each individual 
correlation analyses (specified in the main text and figure legends)
175
. Two-class comparison 
analyses to identify metabolites significantly associated with the most versus least erastin-








Box-and-whisker plots, scatter plots, bar graphs and waterfall plots were produced in GraphPad 




All cell lines were purchased from ATCC or procured from the Broad Institute Biological 
Samples Platform. HT-1080 fibrosarcoma cells and MDST8 colorectal adenocarcinoma cells 
were maintained in DMEM, supplemented with 10% FBS and 1% penicillin/streptomycin (all 
media components from Sigma). HCT116 (colorectal), HCT15 (colorectal), SW1463 (colorectal) 
and MKN74 (gastric) cancer-derived cells were maintained in RPMI (Sigma) supplemented with 
10% FBS and 1% penicillin/streptomycin. 
 
Viability assays 
Viability experiments were performed in 384-well format using opaque white plates (Corning) or 
6-well plates for brightfield microscopy experiments (Fig. 1c). For erastin treatment, 24 hours 
after seeding at optimized densities, cells were exposed to erastin at indicated concentrations for 
72 hours. For cyst(e)ine and methionine deprivation assays, 24 hours following seeding at 
optimized densities, spent media was removed from plates and replaced with DMEM lacking the 
indicated amino acid (Sigma), supplemented with 10% FBS and 1% penicillin/streptomycin. 
Cells were incubated with compound or cyst(e)ine- or methionine-free media for 72 hours. 
Following this, cellular ATP levels (as a surrogate for viability) were measured using CellTiter-
Glo (Promega). For co-treatment experiments, a single concentration of the modulator of interest 
(e.g. ferrostatin or cystathionine) was added to media at the same time compound treatment or 




xCT activity assay 
The release of glutamate into media was monitored as a measure of xCT cystine/glutamate 
antiporter activity as previously described
57
.Briefly, cells were seeded in 6-well dishes and 
cultured to 70% confluency. Cells were washed thoroughly with PBS and incubated for an hour 
at 37 °C in 1mL of glutamate-free DMEM (sigma) in the presence or absence of erastin as 
indicated in figure legends. Media was then collected and analyzed for glutamate content using 
the Amplex® Red Glutamic Acid/Glutamate Oxidase Assay Kit (Invitrogen) and an Envision 
plate reader (Perkin Elmer) 
 
Transsulfuration assay 
Transsulfuration activity assays were performed as previously described
210
. This assay relies on 
the fluorescent labeling of total cellular glutathione using monochlorobimane (mCBi) and the 
radiolabeling of glutathione incorporating transsulfuration-derived cysteine using 
35
S 
methionine. Percent incorporation of 
35
S into glutathione is calculated by separating glutathione 
from other metabolites using thin layer chromatography and normalizing the autoradiographic 
signal from glutathione (transsulfuration-derived cysteine) to the fluorescent signal from 
glutathione (total glutathione). Briefly, cells were seeded in 10cm dishes and cultured to 60% 
confluency. Spent media was then removed and replaced with 7mL of DMEM containing 
35
S 
methionine (2.5μCi/mL activity) and supplemented with 10% FBS and 1% 
penicillin/streptomycin.  24 hours later, cells were harvested, resuspended in 150uL of water and 
subjected to three freeze-thaw cycles interspersed with vigorous vortexing. Samples were spun 
down at 15,000 rpm for 15 minutes at 4 °C and 100μL of the resulting supernatants were reacted 
with mCBi (200μM), GST (2.5μg) and potassium phosphate (5mM) in a final reaction volume of 
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200μL (all reagents purchased from Sigma). Reactions were incubated at 37 °C. After 10 
minutes, 10uL of reaction mixtures were spotted on to an HP-TLC plate (Analtech) and 
developed in a 3:1:1 mixture of 1-butanol:methanol:water (Fisher Scientific). Plates were imaged 
using a Bio-Rad Gel Doc (Bio-Rad) and fluorescence was quantified using ImageJ software. 
Plates were then incubated with a BioMax film (Kodak) for 120 hours to prepare 
autoradiographs, which were developed using a Typhoon  phosphorimager (GE Life Sciences).  
 
Western blot 
Western blots were performed as previously described
104
. Antibodies used: anti-cystathionine-γ-
lyase (Santa Cruz, sc-374249, 1:100), anti-cystathionine-β-synthase (Santa Cruz, sc-67154, 
1:100), anti-SUMO1 (Santa Cruz, sc-9060, 1:200), anti-N-nicotinamide methyltransferase (Santa 
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CHAPTER V. Perspectives and Future directions  
Summary 
The research described in this dissertation establishes a framework for using cancer cell-
line profiling to study small-molecule inducers of cell death and provides a window into the 
range of insights that can be derived from correlating small-molecule sensitivity profiles with 
multi-omic data sets. By subjecting ferroptosis inducers (FINs) to this approach, we make 
significant advances toward understanding the mechanisms underlying cell-line responses to 
FINs and toward identifying rational therapeutic applications for FINs as anti-cancer agents. 
The results of single-feature correlation analyses highlight the importance of glutathione-
pathway genes and metabolites in regulating ferroptosis, confirm GPX4 as the key target of  
RSL3, and point to GPX4 as the likely target of two additional FINs, ML162 and ML210. 
Meanwhile, the association between transsulfuration pathway activity and ferroptosis 
susceptibility suggests a therapeutic paradigm for FINs – targeting cells that are defective in 
transsulfuration due to low levels of CTH. The related finding that cell death due to cysteine 
auxotrophy is ferroptotic provides a heuristic for discovering physiological contexts in which 
ferroptosis may occur endogenously.  
The most significant result described in this thesis is the discovery that direct and indirect 
inhibitors of the ferroptosis regulator GPX4 are unique within a diverse panel of 486 compounds 
in their ability to kill cancer cells in a high mesenchymal state. Cells exhibiting this vulnerability 
comprise cancer cells derived from mesenchymal tissues (e.g. sarcomas), epithelial cancer cells 
that have undergone EMT as a means of acquiring drug resistant and ‘cancer stem cell’ 
properties, and patient-derived cells exhibiting mesenchymal state-mediated resistance to anti-
cancer therapies131,132,136. The mesenchymal cancer cell state represents a currently intractable 
therapeutic challenge in clinical oncology, for which no general targeting strategies exist131,132,136. 
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This work identifies, for the first time, a conserved and specific dependency of cells in this state 
and lays the foundation for an approach to target these high mesenchymal state cancer cells using 
small-molecule GPX4 inhibitors.  
 
Mesenchymal cell state and GPX4 dependency 
 
While GPX4 has not been implicated previously as a dependency of high mesenchymal 
state cancer cells, several lines of genetic and epidemiologic data point to a unique connection 
between GPX4 and mesenchymal cells. For example, GPX4 knockout mice die at embryonic 
stage E7.5 due to catastrophic failures in mesodermal development
66,222
. Human infants 
harboring loss of function mutations in GPX4 suffer from fatal chondrodysplasias and other 
connective tissue defects
223
. Kashin-Beck is a disease of selenium deficiency endemic to regions 
with low soil selenium concentrations
224
. Its presentation is characterized by mesenchymal-
pattern pathologies including axial skeletal myopathies and osteochondropathies
225,226
. Kashin-
Beck is thought to arise most acutely from decreased expression of GPX4 and is therefore treated 
with a combination of selenium supplementation and the lipophilic antioxidant, vitamin E
227,228
. 
The Kashin-Beck disease spectrum has also been proposed as a model for the dose-limiting 
toxicities of statins
229
. The mechanism invoked is consistent with the known selenoprotein-
suppressive actions of statins demonstrated by us and others
230
, and may potentially be mediated 
through a selective impact on GPX4 function.  
Why are mesenchymal cells in a broad range of settings sensitive to GPX4 perturbation? 
This is an open question at the moment, but one that is likely to benefit from systematic, high-
dimensional profiling and modeling of the cellular circuitry of isogenic cells in GPX4 inhibition-
sensitive and -resistant states (e.g. epithelial and mesenchymal states). GPX4 is a metabolic 





 and that have pleiotropic cellular effects that will be difficult to model with single-
component analyses
231
. Moreover, our preliminary results suggest that changes in GPX4 
expression or bulk activity across cancer cell lines do not correlate with sensitivity to GPX4 
inhibition, pointing to more complex changes in cell circuitry as underlying GPX4 dependency. 
Indeed, GPX4 acts a critical cellular node, integrating diverse inputs ranging from mitogenic 
cues, differentiation signals, chromatin regulatory programs, and cell death stimuli
73,232
. Thus, 
the unbiased interrogation and modeling of these and other processes through the systematic use 
of omic technologies promises to yield a cell circuit map that can predict cellular responses to 







A key aspiration of the research described in this thesis has been to lead to the 
development of new therapeutic interventions. For the hypotheses developed to be pre-clinically 
translated, several key questions must be answered. The first: are dependencies identified from in 
vitro cell-culture models intact in vivo? The second: is there a therapeutic index for treatments 
derived from these insights? 
In the case of GPX4, efforts to address these questions are hindered by the lack of a 
bioavailable and stable GPX4 inhibitor. Use of inducible shRNAs to circumvent this problem is 
challenging, as nearly complete knockdown of protein is required to induce ferroptosis
56
. 
Inducible GPX4 CRISPR technology may provide a means to overcome the above technical 
hurdles, but is not a faithful model of the systemic toxicity one is likely to encounter with the 
unique biodistribution of small molecule. Thus, the development of in vivo-compatible GPX4 
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inhibitors – ideally acting via a non-covalent mechanism of action – is a pressing need for 
advancing GPX4 as a therapeutic target. 
Studies related to cystine import are in a far more advantageous position thanks to the 
increasingly potent and stable erastin analogs being generated by the Stockwell Lab
57
. The use of 
these compounds in xenografts and then genetically engineered mouse models of transsulfuration 
defective cancers is a near-term goal of several members of the Stockwell Lab. 
  
Ferroptosis as a form of programmed cell death 
 
Compelling parallels exist between immune cell biology and several ferroptosis-related 
features uncovered as part of this dissertation. For example, in vitro cultures of lymphocytes are 
significantly dependent on the presence of reducing agents that convert cystine to cysteine
203,211
. 
This requirement appears to stem from a combination of exceedingly low activity of the cystine 
importer xCT, and an inability to synthesize cysteine de novo via the transsulfuration 
pathway
204,206,234
.  This cysteine auxotrophy of immune cells is likely to be intact in vivo, and 
may even play a regulatory role in immune-cell survival and cell fate decisions as described 
below.  
Naïve T-cells in vivo are dependent for their survival on antigen presenting cells (APCs), 
which import cystine from the extracellular environment and return back reduced cysteine
200,235
. 
Upon receiving the appropriate maturation cues, T-cells dramatically upregulate expression of 
the cystine transporter and are relieved of their APC-dependence
206,234
. In the tumor 
microenvironment, a form of ‘cysteine warfare’ appears to play a role in immune evasion
236
. 
Here, downregulation of the reduced cysteine exporter in myeloid-derived suppressor cells 
stanches their export of cysteine, even while these cells continue to import cystine via high 
expression of xCT. The resulting depletion of cyst(e)ine from the extracellular milieu contributes 
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to the exhaustion and cell death of tumor-infiltrating T-cells, and can be reversed by knockdown 
of xCT in the myeloid compartment
236
. 
Analogous regulatory principles appear to be in play in B-cell development. B-cells 
undergoing affinity maturation in germinal centers demonstrate cysteine auxotrophy, and depend 
on interactions with germinal center dendritic cells for cysteine supply
237
. The strength of these 
B-cell interactions with germinal center stroma is in turn determined by the avidity of the 
individual B-cells’ antibody for antigen. Thus emerges a mechanistic link between 
immunological selection of high quality B-cells and regulation of their survival via tightly 
controlled access to cysteine. Meanwhile, B-cells that have successfully passed through the 
germinal center no longer exhibit a cysteine auxotrophic phenotype
237
. These distinct metabolic 
states appear to also be reflected in the cancers derived from these distinct cells-of-origin. 
Whereas DLBCLs, derived from germinal center B-cells are strictly cysteine auxotrophic, 
demonstrating no transsulfuration activity and low xCT expression, plasma cell myelomas, 




The prevalence of cysteine auxotrophy and the use of cysteine as a paracrine factor in 
conjunction with regulatory checkpoints in immune-cell development raise the question of 
whether ferroptosis (cell death due to cysteine depletion) may be a form of programmed cell 
death by which immune cells die. The possibility of finding an endogenous role for ferroptosis 
within immune biology will be particularly appealing given that cycles of explosive expansion 
followed by massive programmed cell death are central to the mechanisms of adaptive immunity. 
Specific hypotheses to test include whether exposure to ferrostatins a) enables inappropriate 
126 
 
APC-independence of T-cells, and b) increase titer but decrease quality of B-cell antibody 
responses to antigen by allowing inappropriate survival of lower affinity germinal center B-cells. 
Electrophilic ROS inducers and cell-line profiling 
Current methods to measure and characterize the reactive species induced by different 
ROS-inducing stimuli (most notably electrophilic compounds) with spatio-temporal resolution 
are rudimentary
238
. For example, nearly all GSH-reacting electrophiles will lead to cellular 
oxidation of general redox-sensitive probes, despite dramatic differences in the cytotoxic effects 
of these compounds
129
. Likewise, the use of chemoproteomic approaches using electrophilic 
ROS inducers can be hindered by the polypharmacology of these compounds and the propensity 
for ubiquitous cellular nucleophiles to bind electrophilic compounds in similar fashion
88
. Thus, 
exploring whether different types of electrophilic ROS inducers lead to different cellular 
consequences, and elucidating the molecular basis of these differences using existing biological 
assays remains challenging. This, in turn, has sustained views of ROS-inducing electrophiles as 




 Cell-line profiling, by collecting large-scale high-dimensional perturbational 
measurements of the response of complex biological systems – cells – to ROS inducers, brings 
unprecedented discriminating power to bear on this understudied aspect of cell circuitry. By 
studying the cytotoxic responses to ROS-inducing electrophiles within CTRPv2, we make the 
unexpected observation that different chemically-related subclasses of electrophiles induce 
unique stress response programs by selectively engaging distinct cellular nucleophilic networks. 
For example, compounds containing an α-chloroacetamide (e.g. RSL3) appear to selectively 





. Meanwhile, compounds containing α,β-unsaturated carbonyls (e.g. piperlongumine) bind 
thiols to induce ROS-mediated apoptosis
129,240
. Still other electrophilic ROS inducers react 
preferentially with free amines, thereby perturbing polyamine antioxidant metabolism 
(unpublished data Chattopadhyay, S. and Viswanathan V.S.). Importantly, cellular responses to 
these distinct electrophilic perturbations are tightly linked to specific genomic and transcriptional 
features. As seen in Chapter 2, epithelial cancer cells induced to undergo EMT acquire 
significantly increased sensitivity to selenium-perturbing electrophiles but not to other 
electrophilic compounds.  
Thus, the findings described in this thesis, while focused most immediately on FINs, 
more broadly challenge long-standing notions about the non-specific and indiscriminate nature 





1. Saunders, J. W. Death in embryonic systems. Science 154, 604–612 (1966). 
2. Beaulaton, J. & Lockshin, R. A. The relation of programmed cell death to development and 
reproduction: comparative studies and an attempt at classification. Int. Rev. Cytol. 79, 215–
235 (1982). 
3. Lockshin, R. A. & Williams, C. M. Programmed Cell Death .2. Endocrine Potentiation of the 
Breakdown of the Intersegmental Muscles of Silkmoths. J. Insect Physiol. 10(4), 643–649 
(1964). 
4. Ellis, H. M. & Horvitz, H. R. Genetic control of programmed cell death in the nematode C. 
elegans. Cell 44, 817–829 (1986). 
5. Lemberg, K. M. Ferroptosis: A Novel Form of Cancer Cell Death Induced by the Small 
Molecule Erastin. (Columbia University, 2011). 
6. Wolpaw, A. J. Systematic chemical genetics approaches to studying known and novel cell 
death pathways. (Columbia University, 2011). 
7. Degterev, A. & Yuan, J. Expansion and evolution of cell death programmes. Nat. Rev. Mol. 
Cell Biol. 9, 378–390 (2008). 
8. Vanden Berghe, T., Linkermann, A., Jouan-Lanhouet, S., Walczak, H. & Vandenabeele, P. 
Regulated necrosis: the expanding network of non-apoptotic cell death pathways. Nat. Rev. 
Mol. Cell Biol. 15, 135–147 (2014). 
9. Kroemer, G. & Levine, B. Autophagic cell death: the story of a misnomer. Nat. Rev. Mol. 
Cell Biol. 9, 1004–1010 (2008). 
10. Kepp, O., Galluzzi, L., Lipinski, M., Yuan, J. & Kroemer, G. Cell death assays for drug 
discovery. Nat. Rev. Drug Discov. 10, 221–237 (2011). 
11. Galluzzi, L. et al. Guidelines for the use and interpretation of assays for monitoring cell 
death in higher eukaryotes. Cell Death Differ. 16, 1093–1107 (2009). 
12. Galluzzi, L. et al. Essential versus accessory aspects of cell death: recommendations of the 
NCCD 2015. Cell Death Differ. (2014). doi:10.1038/cdd.2014.137 
13. Kroemer, G. et al. Classification of cell death: recommendations of the Nomenclature 
Committee on Cell Death 2009. Cell Death Differ. 16, 3–11 (2008). 
14. Dixon, S. J. & Stockwell, B. R. The role of iron and reactive oxygen species in cell death. 
Nat. Chem. Biol. 10, 9–17 (2014). 
129 
 
15. Hamacher-Brady, A. et al. Artesunate activates mitochondrial apoptosis in breast cancer 
cells via iron-catalyzed lysosomal reactive oxygen species production. J. Biol. Chem. 286, 
6587–6601 (2011). 
16. Cohen, G. M. Caspases: the executioners of apoptosis. Biochem. J. 326 ( Pt 1), 1–16 (1997). 
17. Alnemri, E. S. et al. Human ICE/CED-3 protease nomenclature. Cell 87, 171 (1996). 
18. Chinnaiyan, A. M., O’Rourke, K., Tewari, M. & Dixit, V. M. FADD, a novel death domain-
containing protein, interacts with the death domain of Fas and initiates apoptosis. Cell 81, 
505–512 (1995). 
19. Oltvai, Z. N., Milliman, C. L. & Korsmeyer, S. J. Bcl-2 heterodimerizes in vivo with a 
conserved homolog, Bax, that accelerates programmed cell death. Cell 74, 609–619 (1993). 
20. Wei, M. C. et al. Proapoptotic BAX and BAK: a requisite gateway to mitochondrial 
dysfunction and death. Science 292, 727–730 (2001). 
21. Boyce, M. & Yuan, J. Cellular response to endoplasmic reticulum stress: a matter of life or 
death. Cell Death Differ. 13, 363–373 (2006). 
22. Biswas, S. C., Shi, Y., Sproul, A. & Greene, L. A. Pro-apoptotic Bim induction in response 
to nerve growth factor deprivation requires simultaneous activation of three different death 
signaling pathways. J. Biol. Chem. 282, 29368–29374 (2007). 
23. Denton, D., Nicolson, S. & Kumar, S. Cell death by autophagy: facts and apparent artefacts. 
Cell Death Differ. 19, 87–95 (2012). 
24. Berry, D. L. & Baehrecke, E. H. Growth arrest and autophagy are required for salivary gland 
cell degradation in Drosophila. Cell 131, 1137–1148 (2007). 
25. Yu, L. et al. Regulation of an ATG7-beclin 1 program of autophagic cell death by caspase-8. 
Science 304, 1500–1502 (2004). 
26. Clarke, P. G. Developmental cell death: morphological diversity and multiple mechanisms. 
Anat. Embryol. (Berl.) 181, 195–213 (1990). 
27. Chen, Y. & Klionsky, D. J. The regulation of autophagy – unanswered questions. J. Cell Sci. 
124, 161–170 (2011). 
28. Blommaart, E. F., Luiken, J. J., Blommaart, P. J., van Woerkom, G. M. & Meijer, A. J. 
Phosphorylation of ribosomal protein S6 is inhibitory for autophagy in isolated rat 
hepatocytes. J. Biol. Chem. 270, 2320–2326 (1995). 
130 
 
29. Hotchkiss, R. S., Strasser, A., McDunn, J. E. & Swanson, P. E. Cell death. N. Engl. J. Med. 
361, 1570–1583 (2009). 
30. Golstein, P. & Kroemer, G. Cell death by necrosis: towards a molecular definition. Trends 
Biochem. Sci. 32, 37–43 (2007). 
31. Artal-Sanz, M. & Tavernarakis, N. Proteolytic mechanisms in necrotic cell death and 
neurodegeneration. FEBS Lett. 579, 3287–3296 (2005). 
32. Galluzzi, L., Kepp, O., Krautwald, S., Kroemer, G. & Linkermann, A. Molecular 
mechanisms of regulated necrosis. Semin. Cell Dev. Biol. 35, 24–32 (2014). 
33. Vandenabeele, P., Galluzzi, L., Berghe, T. V. & Kroemer, G. Molecular mechanisms of 
necroptosis: an ordered cellular explosion. Nat. Rev. Mol. Cell Biol. 11, 700–714 (2010). 
34. Degterev, A. et al. Chemical inhibitor of nonapoptotic cell death with therapeutic potential 
for ischemic brain injury. Nat. Chem. Biol. 1, 112–119 (2005). 
35. Wilson, C. A. & Browning, J. L. Death of HT29 adenocarcinoma cells induced by TNF 
family receptor activation is caspase-independent and displays features of both apoptosis and 
necrosis. Cell Death Differ. 9, 1321–1333 (2002). 
36. Wilson, N. S., Dixit, V. & Ashkenazi, A. Death receptor signal transducers: nodes of 
coordination in immune signaling networks. Nat. Immunol. 10, 348–355 (2009). 
37. Micheau, O. & Tschopp, J. Induction of TNF receptor I-mediated apoptosis via two 
sequential signaling complexes. Cell 114, 181–190 (2003). 
38. Feng, S. et al. Cleavage of RIP3 inactivates its caspase-independent apoptosis pathway by 
removal of kinase domain. Cell. Signal. 19, 2056–2067 (2007). 
39. Declercq, W., Vanden Berghe, T. & Vandenabeele, P. RIP kinases at the crossroads of cell 
death and survival. Cell 138, 229–232 (2009). 
40. Leist, M., Single, B., Castoldi, A. F., Kühnle, S. & Nicotera, P. Intracellular adenosine 
triphosphate (ATP) concentration: a switch in the decision between apoptosis and necrosis. J. 
Exp. Med. 185, 1481–1486 (1997). 
41. He, S. et al. Receptor interacting protein kinase-3 determines cellular necrotic response to 
TNF-alpha. Cell 137, 1100–1111 (2009). 
42. Degterev, A. et al. Identification of RIP1 kinase as a specific cellular target of necrostatins. 
Nat. Chem. Biol. 4, 313–321 (2008). 
131 
 
43. Vandenabeele, P., Declercq, W. & Vanden Berghe, T. Necrotic cell death and ‘necrostatins’: 
now we can control cellular explosion. Trends Biochem. Sci. 33, 352–355 (2008). 
44. Lin, M. T. & Beal, M. F. Mitochondrial dysfunction and oxidative stress in 
neurodegenerative diseases. Nature 443, 787–795 (2006). 
45. Roach, H. I. & Clarke, N. M. Physiological cell death of chondrocytes in vivo is not confined 
to apoptosis. New observations on the mammalian growth plate. J. Bone Joint Surg. Br. 82, 
601–613 (2000). 
46. Kroemer, G., Galluzzi, L. & Brenner, C. Mitochondrial membrane permeabilization in cell 
death. Physiol. Rev. 87, 99–163 (2007). 
47. Baines, C. P. et al. Loss of cyclophilin D reveals a critical role for mitochondrial 
permeability transition in cell death. Nature 434, 658–662 (2005). 
48. Schinzel, A. C. et al. Cyclophilin D is a component of mitochondrial permeability transition 
and mediates neuronal cell death after focal cerebral ischemia. Proc. Natl. Acad. Sci. U. S. A. 
102, 12005–12010 (2005). 
49. Brenner, C. & Grimm, S. The permeability transition pore complex in cancer cell death. 
Oncogene 25, 4744–4756 (2006). 
50. Wang, Y. et al. Calpain activation is not required for AIF translocation in PARP-1-
dependent cell death (parthanatos). J. Neurochem. 110, 687–696 (2009). 
51. Andrabi, S. A., Dawson, T. M. & Dawson, V. L. Mitochondrial and nuclear cross talk in cell 
death: parthanatos. Ann. N. Y. Acad. Sci. 1147, 233–241 (2008). 
52. Hangen, E., Blomgren, K., Bénit, P., Kroemer, G. & Modjtahedi, N. Life with or without 
AIF. Trends Biochem. Sci. 35, 278–287 (2010). 
53. Zhu, C. et al. Cyclophilin A participates in the nuclear translocation of apoptosis-inducing 
factor in neurons after cerebral hypoxia-ischemia. J. Exp. Med. 204, 1741–1748 (2007). 
54. Skouta, R. et al. Ferrostatins inhibit oxidative lipid damage and cell death in diverse disease 
models. J. Am. Chem. Soc. 136, 4551–4556 (2014). 
55. Dixon, S. J. et al. Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell 149, 
1060–1072 (2012). 




57. Dixon, S. J. et al. Pharmacological inhibition of cystine-glutamate exchange induces 
endoplasmic reticulum stress and ferroptosis. eLife (2014). doi:10.7554/eLife.02523 
58. Yagoda, N. et al. RAS-RAF-MEK-dependent oxidative cell death involving voltage-
dependent anion channels. Nature 447, 864–868 (2007). 
59. Raimundo, N. et al. Mitochondrial stress engages E2F1 apoptotic signaling to cause 
deafness. Cell 148, 716–726 (2012). 
60. Bittker, J. A. et al. in Probe Reports from the NIH Molecular Libraries Program (National 
Center for Biotechnology Information (US), 2010). at 
<http://www.ncbi.nlm.nih.gov/books/NBK98919/> 
61. Bittker, J. A. et al. in Probe Reports from the NIH Molecular Libraries Program (National 
Center for Biotechnology Information (US), 2010). at 
<http://www.ncbi.nlm.nih.gov/books/NBK55069/> 
62. Dolma, S., Lessnick, S. L., Hahn, W. C. & Stockwell, B. R. Identification of genotype-
selective antitumor agents using synthetic lethal chemical screening in engineered human 
tumor cells. Cancer Cell 3, 285–296 (2003). 
63. Yang, W. S. & Stockwell, B. R. Synthetic lethal screening identifies compounds activating 
iron-dependent, nonapoptotic cell death in oncogenic-RAS-harboring cancer cells. Chem. 
Biol. 15, 234–245 (2008). 
64. Arnér, E. S. J. Selenoproteins-What unique properties can arise with selenocysteine in place 
of cysteine? Exp. Cell Res. 316, 1296–1303 (2010). 
65. Tsuboi, K. et al. Potent and selective inhibitors of glutathione S-transferase omega 1 that 
impair cancer drug resistance. J. Am. Chem. Soc. 133, 16605–16616 (2011). 
66. Savaskan, N. E., Ufer, C., Kühn, H. & Borchert, A. Molecular biology of glutathione 
peroxidase 4: from genomic structure to developmental expression and neural function. Biol. 
Chem. 388, 1007–1017 (2007). 
67. Buettner, G. R. The pecking order of free radicals and antioxidants: lipid peroxidation, 
alpha-tocopherol, and ascorbate. Arch. Biochem. Biophys. 300, 535–543 (1993). 
68. Dalleau, S., Baradat, M., Guéraud, F. & Huc, L. Cell death and diseases related to oxidative 
stress:4-hydroxynonenal (HNE) in the balance. Cell Death Differ. 20, 1615–1630 (2013). 
69. Barrera, G. Oxidative stress and lipid peroxidation products in cancer progression and 
therapy. ISRN Oncol. 2012, 137289 (2012). 
133 
 
70. Matsunaga, T. et al. Protective effect of rat aldo-keto reductase (AKR1C15) on endothelial 
cell damage elicited by 4-hydroxy-2-nonenal. Chem. Biol. Interact. 191, 364–370 (2011). 
71. Kell, D. B. Iron behaving badly: inappropriate iron chelation as a major contributor to the 
aetiology of vascular and other progressive inflammatory and degenerative diseases. BMC 
Med. Genomics 2, 2 (2009). 
72. Schneider, M. et al. Absence of glutathione peroxidase 4 affects tumor angiogenesis through 
increased 12/15-lipoxygenase activity. Neoplasia N. Y. N 12, 254–263 (2010). 
73. Seiler, A. et al. Glutathione peroxidase 4 senses and translates oxidative stress into 12/15-
lipoxygenase dependent- and AIF-mediated cell death. Cell Metab. 8, 237–248 (2008). 
74. Linkermann, A. et al. Synchronized renal tubular cell death involves ferroptosis. Proc. Natl. 
Acad. Sci. U. S. A. 111, 16836–16841 (2014). 
75. Friedmann Angeli, J. P. et al. Inactivation of the ferroptosis regulator Gpx4 triggers acute 
renal failure in mice. Nat. Cell Biol. advance online publication, (2014). 
76. Edinger, A. L. & Thompson, C. B. Death by design: apoptosis, necrosis and autophagy. 
Curr. Opin. Cell Biol. 16, 663–669 (2004). 
77. Fiers, W., Beyaert, R., Declercq, W. & Vandenabeele, P. More than one way to die: 
apoptosis, necrosis and reactive oxygen damage. Oncogene 18, 7719–7730 (1999). 
78. Golstein, P. & Kroemer, G. A multiplicity of cell death pathways. Symposium on Apoptotic 
and Non-Apoptotic Cell Death Pathways. EMBO Rep. 8, 829–833 (2007). 
79. Galluzzi, L. et al. Cell death modalities: classification and pathophysiological implications. 
Cell Death Differ. 14, 1237–1243 (2007). 
80. Boya, P. et al. Inhibition of macroautophagy triggers apoptosis. Mol. Cell. Biol. 25, 1025–
1040 (2005). 
81. Galluzzi, L. et al. To die or not to die: that is the autophagic question. Curr. Mol. Med. 8, 
78–91 (2008). 
82. Stockwell, B. R. Chemical genetics: ligand-based discovery of gene function. Nat. Rev. 
Genet. 1, 116–125 (2000). 
83. Knight, Z. A. & Shokat, K. M. Chemical genetics: where genetics and pharmacology meet. 
Cell 128, 425–430 (2007). 
84. Schreiber, S. L. Chemical genetics resulting from a passion for synthetic organic chemistry. 
Bioorg. Med. Chem. 6, 1127–1152 (1998). 
134 
 
85. Bertrand, R., Solary, E., O’Connor, P., Kohn, K. W. & Pommier, Y. Induction of a common 
pathway of apoptosis by staurosporine. Exp. Cell Res. 211, 314–321 (1994). 
86. Brown, E. J. et al. A mammalian protein targeted by G1-arresting rapamycin-receptor 
complex. Nature 369, 756–758 (1994). 
87. Sabatini, D. M., Erdjument-Bromage, H., Lui, M., Tempst, P. & Snyder, S. H. RAFT1: a 
mammalian protein that binds to FKBP12 in a rapamycin-dependent fashion and is 
homologous to yeast TORs. Cell 78, 35–43 (1994). 
88. Schenone, M., Dančík, V., Wagner, B. K. & Clemons, P. A. Target identification and 
mechanism of action in chemical biology and drug discovery. Nat. Chem. Biol. 9, 232–240 
(2013). 
89. Dix, M. M., Simon, G. M. & Cravatt, B. F. Global mapping of the topography and 
magnitude of proteolytic events in apoptosis. Cell 134, 679–691 (2008). 
90. Zalckvar, E. et al. A systems level strategy for analyzing the cell death network: implication 
in exploring the apoptosis/autophagy connection. Cell Death Differ. 17, 1244–1253 (2010). 
91. Brachat, A. et al. A microarray-based, integrated approach to identify novel regulators of 
cancer drug response and apoptosis. Oncogene 21, 8361–8371 (2002). 
92. Hitomi, J. et al. Identification of a molecular signaling network that regulates a cellular 
necrotic cell death pathway. Cell 135, 1311–1323 (2008). 
93. Colell, A. et al. GAPDH and autophagy preserve survival after apoptotic cytochrome c 
release in the absence of caspase activation. Cell 129, 983–997 (2007). 
94. Wolpaw, A. J. et al. Modulatory profiling identifies mechanisms of small molecule-induced 
cell death. Proc. Natl. Acad. Sci. 108, 16151–16152 (2011). 
95. Lamb, J. et al. The Connectivity Map: using gene-expression signatures to connect small 
molecules, genes, and disease. Science 313, 1929–1935 (2006). 
96. Shoemaker, R. H. The NCI60 human tumour cell line anticancer drug screen. Nat. Rev. 
Cancer 6, 813–823 (2006). 
97. Barretina, J. et al. The Cancer Cell Line Encyclopedia enables predictive modelling of 
anticancer drug sensitivity. Nature 483, 603–607 (2012). 
98. Basu, A. et al. An interactive resource to identify cancer genetic and lineage dependencies 
targeted by small molecules. Cell 154, 1151–1161 (2013). 
135 
 
99. Garnett, M. J. et al. Systematic identification of genomic markers of drug sensitivity in 
cancer cells. Nature 483, 570–575 (2012). 
100. Cheung, H. W. et al. Systematic investigation of genetic vulnerabilities across cancer cell 
lines reveals lineage-specific dependencies in ovarian cancer. Proc. Natl. Acad. Sci. 108, 
12372–12377 (2011). 
101. Paull, K. D. et al. Display and analysis of patterns of differential activity of drugs against 
human tumor cell lines: development of mean graph and COMPARE algorithm. J. Natl. 
Cancer Inst. 81, 1088–1092 (1989). 
102. Weinstein, J. N. et al. An information-intensive approach to the molecular pharmacology 
of cancer. Science 275, 343–349 (1997). 
103. Bai, R. L. et al. Halichondrin B and homohalichondrin B, marine natural products 
binding in the vinca domain of tubulin. Discovery of tubulin-based mechanism of action by 
analysis of differential cytotoxicity data. J. Biol. Chem. 266, 15882–15889 (1991). 
104. Viswanathan, V.S. et al. Dependency of high mesenchymal state cancer cells on a 
glutathione-selenoprotein pathway. Submitted (2014). 
105. Konieczkowski, D. J. et al. A melanoma cell state distinction influences sensitivity to 
MAPK pathway inhibitors. Cancer Discov. 4, 816–827 (2014). 
106. Rees, M. G. Correlating cancer cell-line sensitivity with gene expression reveals small-
molecule mechanism of action. In preparation. (2014). 
107. Seashore-Ludlow, B. Clustering analysis and hot spot mining associate cancer cell line 
genetic features to small molecule response. In preparation. (2014). 
108. Kelly, G. L. & Strasser, A. The essential role of evasion from cell death in cancer. Adv. 
Cancer Res. 111, 39–96 (2011). 
109. Hanahan, D. & Weinberg, R. A. The Hallmarks of Cancer. Cell 100, 57–70 (2000). 
110. Serrano, M., Lin, A. W., McCurrach, M. E., Beach, D. & Lowe, S. W. Oncogenic ras 
provokes premature cell senescence associated with accumulation of p53 and p16INK4a. 
Cell 88, 593–602 (1997). 
111. Hueber, A. O. et al. Requirement for the CD95 receptor-ligand pathway in c-Myc-
induced apoptosis. Science 278, 1305–1309 (1997). 




113. Harris, C. C. p53 tumor suppressor gene: from the basic research laboratory to the clinic--
an abridged historical perspective. Carcinogenesis 17, 1187–1198 (1996). 
114. Levine, A. J. p53, the cellular gatekeeper for growth and division. Cell 88, 323–331 
(1997). 
115. Meek, D. W. Tumour suppression by p53: a role for the DNA damage response? Nat. 
Rev. Cancer 9, 714–723 (2009). 
116. Qu, X. et al. Promotion of tumorigenesis by heterozygous disruption of the beclin 1 
autophagy gene. J. Clin. Invest. 112, 1809–1820 (2003). 
117. Yue, Z., Jin, S., Yang, C., Levine, A. J. & Heintz, N. Beclin 1, an autophagy gene 
essential for early embryonic development, is a haploinsufficient tumor suppressor. Proc. 
Natl. Acad. Sci. U. S. A. 100, 15077–15082 (2003). 
118. Vaux, D. L., Cory, S. & Adams, J. M. Bcl-2 gene promotes haemopoietic cell survival 
and cooperates with c-myc to immortalize pre-B cells. Nature 335, 440–442 (1988). 
119. Downward, J. Mechanisms and consequences of activation of protein kinase B/Akt. Curr. 
Opin. Cell Biol. 10, 262–267 (1998). 
120. Cantley, L. C. & Neel, B. G. New insights into tumor suppression: PTEN suppresses 
tumor formation by restraining the phosphoinositide 3-kinase/AKT pathway. Proc. Natl. 
Acad. Sci. U. S. A. 96, 4240–4245 (1999). 
121. Jiang, T. et al. High levels of Nrf2 determine chemoresistance in type II endometrial 
cancer. Cancer Res. 70, 5486–5496 (2010). 
122. Singh, A. et al. Dysfunctional KEAP1–NRF2 Interaction in Non-Small-Cell Lung 
Cancer. PLoS Med 3, e420 (2006). 
123. Calvert, P., Yao, K. S., Hamilton, T. C. & O’Dwyer, P. J. Clinical studies of reversal of 
drug resistance based on glutathione. Chem. Biol. Interact. 111-112, 213–224 (1998). 
124. Lewis, A. D., Hayes, J. D. & Wolf, C. R. Glutathione and glutathione-dependent 
enzymes in ovarian adenocarcinoma cell lines derived from a patient before and after the 
onset of drug resistance: intrinsic differences and cell cycle effects. Carcinogenesis 9, 1283–
1287 (1988). 
125. Estrela, J. M., Ortega, A. & Obrador, E. Glutathione in cancer biology and therapy. Crit. 
Rev. Clin. Lab. Sci. 43, 143–181 (2006). 
137 
 
126. Abdullah, L. N. & Chow, E. K.-H. Mechanisms of chemoresistance in cancer stem cells. 
Clin. Transl. Med. 2, 3 (2013). 
127. Traverso, N. et al. Role of Glutathione in Cancer Progression and Chemoresistance. 
Oxid. Med. Cell. Longev. 2013, (2013). 
128. Depeille, P. et al. Glutathione S-Transferase M1 and Multidrug Resistance Protein 1 Act 
in Synergy to Protect Melanoma Cells from Vincristine Effects. Mol. Pharmacol. 65, 897–
905 (2004). 
129. Adams, D. J. et al. Discovery of small-molecule enhancers of reactive oxygen species 
that are nontoxic or cause genotype-selective cell death. ACS Chem. Biol. 8, 923–929 (2013). 
130. Chandel, N. S. & Tuveson, D. A. The Promise and Perils of Antioxidants for Cancer 
Patients. N. Engl. J. Med. 371, 177–178 (2014). 
131. Singh, A. & Settleman, J. EMT, cancer stem cells and drug resistance: an emerging axis 
of evil in the war on cancer. Oncogene 29, 4741–4751 (2010). 
132. Pattabiraman, D. R. & Weinberg, R. A. Tackling the cancer stem cells - what challenges 
do they pose? Nat. Rev. Drug Discov. 13, 497–512 (2014). 
133. Thiery, J. P. Epithelial-mesenchymal transitions in tumour progression. Nat. Rev. Cancer 
2, 442–454 (2002). 
134. Onder, T., T. Role of E-cadherin in Tumor Metastasis and Discovery of Compounds 
Targeting Metastatic Cancer Cells. (MIT, 2008). 
135. Mani, S. A. et al. The epithelial-mesenchymal transition generates cells with properties of 
stem cells. Cell 133, 704–715 (2008). 
136. Polyak, K. & Weinberg, R. A. Transitions between epithelial and mesenchymal states: 
acquisition of malignant and stem cell traits. Nat. Rev. Cancer 9, 265–273 (2009). 
137. Onder, T. T. et al. Loss of E-Cadherin Promotes Metastasis via Multiple Downstream 
Transcriptional Pathways. Cancer Res. 68, 3645–3654 (2008). 
138. Gupta, P. B. et al. Identification of Selective Inhibitors of Cancer Stem Cells by High-
Throughput Screening. Cell 138, 645–659 (2009). 
139. Taube, J. H. et al. Core epithelial-to-mesenchymal transition interactome gene-expression 
signature is associated with claudin-low and metaplastic breast cancer subtypes. Proc. Natl. 
Acad. Sci. U. S. A. 107, 15449–15454 (2010). 
138 
 
140. Byers, L. A. et al. An epithelial-mesenchymal transition gene signature predicts 
resistance to EGFR and PI3K inhibitors and identifies Axl as a therapeutic target for 
overcoming EGFR inhibitor resistance. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 19, 
279–290 (2013). 
141. Salt, M. B., Bandyopadhyay, S. & McCormick, F. Epithelial-to-mesenchymal transition 
rewires the molecular path to PI3K-dependent proliferation. Cancer Discov. 4, 186–199 
(2014). 
142. Metzstein, M. M. & Horvitz, H. R. The C. elegans cell death specification gene ces-1 
encodes a snail family zinc finger protein. Mol. Cell 4, 309–319 (1999). 
143. Vega, S. et al. Snail blocks the cell cycle and confers resistance to cell death. Genes Dev. 
18, 1131–1143 (2004). 
144. Wu, W.-S. et al. Slug antagonizes p53-mediated apoptosis of hematopoietic progenitors 
by repressing puma. Cell 123, 641–653 (2005). 
145. Valsesia-Wittmann, S. et al. Oncogenic cooperation between H-Twist and N-Myc 
overrides failsafe programs in cancer cells. Cancer Cell 6, 625–630 (2004). 
146. Nagano, O., Okazaki, S. & Saya, H. Redox regulation in stem-like cancer cells by CD44 
variant isoforms. Oncogene (2013). doi:10.1038/onc.2012.638 
147. Liu, Y., El-Naggar, S., Darling, D. S., Higashi, Y. & Dean, D. C. Zeb1 links epithelial-
mesenchymal transition and cellular senescence. Dev. Camb. Engl. 135, 579–588 (2008). 
148. Niederst, M. J. & Engelman, J. A. Bypass mechanisms of resistance to receptor tyrosine 
kinase inhibition in lung cancer. Sci. Signal. 6, re6 (2013). 
149. Sequist, L. V. et al. Genotypic and Histological Evolution of Lung Cancers Acquiring 
Resistance to EGFR Inhibitors. Sci. Transl. Med. 3, 75ra26–75ra26 (2011). 
150. Rizos, H. et al. BRAF inhibitor resistance mechanisms in metastatic melanoma: spectrum 
and clinical impact. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 20, 1965–1977 (2014). 
151. Yang, L., Han, S. & Sun, Y. An IL6-STAT3 loop mediates resistance to PI3K inhibitors 
by inducing epithelial-mesenchymal transition and cancer stem cell expansion in human 
breast cancer cells. Biochem. Biophys. Res. Commun. (2014). 
doi:10.1016/j.bbrc.2014.09.129 
152. Yu, M. et al. Circulating breast tumor cells exhibit dynamic changes in epithelial and 
mesenchymal composition. Science 339, 580–584 (2013). 
139 
 
153. Crystal, A. S. et al. Patient-derived models of acquired resistance can identify effective 
drug combinations for cancer. Science (2014). doi:10.1126/science.1254721 
154. Martín Liberal, J. et al. Targeted Therapies in Sarcomas: Challenging the Challenge. 
Sarcoma 2012, e626094 (2012). 
155. Judson, I. Targeted therapies in soft tissue sarcomas. Ann. Oncol. 21, vii277–vii280 
(2010). 
156. Shaul, Y. D. et al. Dihydropyrimidine accumulation is required for the epithelial-
mesenchymal transition. Cell 158, 1094–1109 (2014). 
157. Wolpaw, A. J. & Stockwell, B. R. Multidimensional profiling in the investigation of 
small-molecule-induced cell death. Methods Enzymol. 545, 265–302 (2014). 
158. Barbie, D. A. et al. Systematic RNA interference reveals that oncogenic KRAS-driven 
cancers require TBK1. Nature 462, 108–112 (2009). 
159. Carlson, B. M. Human Embryology and Developmental Biology. (Elsevier Health 
Sciences, 2013). 
160. Harris, T. J. R. & McCormick, F. The molecular pathology of cancer. Nat. Rev. Clin. 
Oncol. 7, 251–265 (2010). 
161. McCormick, F. Signalling networks that cause cancer. Trends Cell Biol. 9, M53–56 
(1999). 
162. McCormick, F. Mutant onco-proteins as drug targets: successes, failures, and future 
prospects. Curr. Opin. Genet. Dev. 21, 29–33 (2011). 
163. Segatto, O., Anastasi, S. & Alemà, S. Regulation of epidermal growth factor receptor 
signalling by inducible feedback inhibitors. J. Cell Sci. 124, 1785–1793 (2011). 
164. Jaramillo, M. C. & Zhang, D. D. The emerging role of the Nrf2-Keap1 signaling pathway 
in cancer. Genes Dev. 27, 2179–2191 (2013). 
165. Semenza, G. L. HIF-1 mediates metabolic responses to intratumoral hypoxia and 
oncogenic mutations. J. Clin. Invest. 123, 3664–3671 (2013). 
166. Maher, E. R., Neumann, H. P. & Richard, S. von Hippel-Lindau disease: a clinical and 
scientific review. Eur. J. Hum. Genet. EJHG 19, 617–623 (2011). 
167. Zarjou, A. et al. Proximal tubule H-ferritin mediates iron trafficking in acute kidney 
injury. J. Clin. Invest. 123, 4423–4434 (2013). 
140 
 
168. Jeon, G. W., Kwon, M.-J., Lee, S. J., Sin, J. B. & Ki, C.-S. Clinical and genetic analysis 
of a Korean patient with X-linked chondrodysplasia punctata: identification of a novel 
splicing mutation in the ARSE gene. Ann. Clin. Lab. Sci. 43, 70–75 (2013). 
169. Tothova, Z. & Gilliland, D. G. A radical bailout strategy for cancer stem cells. Cell Stem 
Cell 4, 196–197 (2009). 
170. Tothova, Z. et al. FoxOs are critical mediators of hematopoietic stem cell resistance to 
physiologic oxidative stress. Cell 128, 325–339 (2007). 
171. Anderson, M. A., Huang, D. & Roberts, A. Targeting BCL2 for the treatment of 
lymphoid malignancies. Semin. Hematol. 51, 219–227 (2014). 
172. Hennessy, B. T., Smith, D. L., Ram, P. T., Lu, Y. & Mills, G. B. Exploiting the 
PI3K/AKT Pathway for Cancer Drug Discovery. Nat. Rev. Drug Discov. 4, 988–1004 
(2005). 
173. Zhang, X., Tang, N., Hadden, T. J. & Rishi, A. K. Akt, FoxO and regulation of apoptosis. 
Biochim. Biophys. Acta 1813, 1978–1986 (2011). 
174. Gargini, R., Cerliani, J. P., Escoll, M., Antón, I. M. & Wandosell, F. Cancer Stem Cell-
Like Phenotype and Survival are Coordinately Regulated Byakt/Foxo/Bim Pathway. Stem 
Cells Dayt. Ohio (2014). doi:10.1002/stem.1904 
175. Dančík, V. et al. Connecting Small Molecules with Similar Assay Performance Profiles 
Leads to New Biological Hypotheses. J. Biomol. Screen. 19, 771–781 (2014). 
176. Haber, D. A., Gray, N. S. & Baselga, J. The evolving war on cancer. Cell 145, 19–24 
(2011). 
177. Marusyk, A., Almendro, V. & Polyak, K. Intra-tumour heterogeneity: a looking glass for 
cancer? Nat. Rev. Cancer 12, 323–334 (2012). 
178. Gröger, C. J., Grubinger, M., Waldhör, T., Vierlinger, K. & Mikulits, W. Meta-Analysis 
of Gene Expression Signatures Defining the Epithelial to Mesenchymal Transition during 
Cancer Progression. PLoS ONE 7, e51136 (2012). 
179. Germain, A. R. et al. Identification of a selective small molecule inhibitor of breast 
cancer stem cells. Bioorg. Med. Chem. Lett. 22, 3571–3574 (2012). 
180. Weïwer, M. et al. Development of small-molecule probes that selectively kill cells 
induced to express mutant RAS. Bioorg. Med. Chem. Lett. 22, 1822–1826 (2012). 
141 
 
181. Javaid, S. et al. Dynamic Chromatin Modification Sustains Epithelial-Mesenchymal 
Transition following Inducible Expression of Snail-1. Cell Rep. 5, 1679–1689 (2013). 
182. Ware, K. E. et al. A mechanism of resistance to gefitinib mediated by cellular 
reprogramming and the acquisition of an FGF2-FGFR1 autocrine growth loop. Oncogenesis 
2, e39 (2013). 
183. Kryukov, G. V. et al. Characterization of Mammalian Selenoproteomes. Science 300, 
1439–1443 (2003). 
184. Warner, G. J. et al. Inhibition of Selenoprotein Synthesis by Selenocysteine 
tRNA[Ser]Sec Lacking Isopentenyladenosine. J. Biol. Chem. 275, 28110–28119 (2000). 
185. Hindler, K., Cleeland, C. S., Rivera, E. & Collard, C. D. The Role of Statins in Cancer 
Therapy. The Oncologist 11, 306–315 (2006). 
186. Bailey, H. H. et al. Phase I study of continuous-infusion L-S,R-buthionine sulfoximine 
with intravenous melphalan. J. Natl. Cancer Inst. 89, 1789–1796 (1997). 
187. Raj, L. et al. Selective killing of cancer cells by a small molecule targeting the stress 
response to ROS. Nature 475, 231–234 (2011). 
188. Song, J. EMT or apoptosis: a decision for TGF-β. Cell Res. 17, 289–290 (2007). 
189. Diehn, M. et al. Association of reactive oxygen species levels and radioresistance in 
cancer stem cells. Nature 458, 780–783 (2009). 
190. Kim, H. M. et al. Increased CD13 expression reduces reactive oxygen species, promoting 
survival of liver cancer stem cells via an epithelial-mesenchymal transition-like 
phenomenon. Ann. Surg. Oncol. 19 Suppl 3, S539–548 (2012). 
191. Panigrahy, D. et al. Epoxyeicosanoids stimulate multiorgan metastasis and tumor 
dormancy escape in mice. J. Clin. Invest. 122, 178–191 (2012). 
192. Fitzgerald, J. B., Schoeberl, B., Nielsen, U. B. & Sorger, P. K. Systems biology and 
combination therapy in the quest for clinical efficacy. Nat. Chem. Biol. 2, 458–466 (2006). 
193. Liu, X. et al. ROCK inhibitor and feeder cells induce the conditional reprogramming of 
epithelial cells. Am. J. Pathol. 180, 599–607 (2012). 
194. Joe, H. Relative Entropy Measures of Multivariate Dependence. J. Am. Stat. Assoc. 84, 
157–164 (1989). 






196. Cairns, R. A., Harris, I. S. & Mak, T. W. Regulation of cancer cell metabolism. Nat. Rev. 
Cancer 11, 85–95 (2011). 
197. Ryu, C. S. et al. Elevation of cysteine consumption in tamoxifen-resistant MCF-7 cells. 
Biochem. Pharmacol. 85, 197–206 (2013). 
198. Sulfasalazine, a potent suppressor of lymphoma growth by inhibition of the xc|[minus]| 
cystine transporter: a new action for an old drug. 15, (2001). 
199. Prabhu, A. et al. Cysteine catabolism: a novel metabolic pathway contributing to 
glioblastoma growth. Cancer Res. 74, 787–796 (2014). 
200. Gmünder, H., Eck, H.-P., Benninghoff, B., Roth, S. & Dröge, W. Macrophages regulate 
intracellular glutathione levels of lymphocytes. Evidence for an immunoregulatory role of 
cysteine. Cell. Immunol. 129, 32–46 (1990). 
201. Rose, W. C. & Wixom, R. L. The amino acid requirements of man. XIII. The sparing 
effect of cystine on the methionine requirement. J. Biol. Chem. 216, 753–773 (1955). 
202. Zhang, W. et al. Stromal control of cystine metabolism promotes cancer cell survival in 
chronic lymphocytic leukaemia. Nat. Cell Biol. 14, 276–286 (2012). 
203. Iglehart, J. K., York, R. M., Modest, A. P., Lazarus, H. & Livingston, D. M. Cystine 
requirement of continuous human lymphoid cell lines of normal and leukemic origin. J. Biol. 
Chem. 252, 7184–7191 (1977). 
204. Livingston, D. M., Ferguson, C., Gollogly, R. & Lazarus, H. Accumulation of cystine 
auxotrophic thymocytes accompanying type C viral leukemogenesis in the mouse. Cell 7, 
41–47 (1976). 
205. Louandre, C. et al. The retinoblastoma (Rb) protein regulates ferroptosis induced by 
sorafenib in human hepatocellular carcinoma cells. Cancer Lett. 0, 
206. Garg, S. K., Yan, Z., Vitvitsky, V. & Banerjee, R. Differential dependence on cysteine 
from transsulfuration versus transport during T cell activation. Antioxid. Redox Signal. 15, 
39–47 (2011). 
207. McBean, G. J. The transsulfuration pathway: a source of cysteine for glutathione in 
astrocytes. Amino Acids 42, 199–205 (2012). 
143 
 
208. Barić, I. Inherited disorders in the conversion of methionine to homocysteine. J. Inherit. 
Metab. Dis. 32, 459–471 (2009). 
209. Birsoy, K. et al. Metabolic determinants of cancer cell sensitivity to glucose limitation 
and biguanides. Nature 508, 108–112 (2014). 
210. Belalc&#xe1 et al. Transsulfuration Is a Significant Source of Sulfur for Glutathione 
Production in Human Mammary Epithelial Cells. Int. Sch. Res. Not. 2013, e637897 (2013). 
211. Eagle, H., Washington, C. & Friedman, S. M. The synthesis of homocystine, 
cystathionine, and cystine by cultured diploid and heteroploid human cells. Proc. Natl. Acad. 
Sci. U. S. A. 56, 156 (1966). 
212. Kabil, O., Zhou, Y. & Banerjee, R. Human cystathionine beta-synthase is a target for 
sumoylation. Biochemistry (Mosc.) 45, 13528–13536 (2006). 
213. Iacobazzi, V., Infantino, V., Castegna, A. & Andria, G. Hyperhomocysteinemia: related 
genetic diseases and congenital defects, abnormal DNA methylation and newborn screening 
issues. Mol. Genet. Metab. 113, 27–33 (2014). 
214. Esse, R. et al. Protein arginine hypomethylation in a mouse model of cystathionine β-
synthase deficiency. FASEB J. Off. Publ. Fed. Am. Soc. Exp. Biol. 28, 2686–2695 (2014). 
215. Ulanovskaya, O. A., Zuhl, A. M. & Cravatt, B. F. NNMT promotes epigenetic 
remodeling in cancer by creating a metabolic methylation sink. Nat. Chem. Biol. 9, 300–306 
(2013). 
216. Kriegler, M. P., Pawlowski, A. M. & Livingston, D. M. Cysteine auxotrophy of human 
leukemic lymphoblasts is associated with decreased amounts of intracellular cystathionase 
messenger ribonucleic acid. Biochemistry (Mosc.) 20, 1312–1318 (1981). 
217. Agrawal, N. & Banerjee, R. Human polycomb 2 protein is a SUMO E3 ligase and 
alleviates substrate-induced inhibition of cystathionine beta-synthase sumoylation. PloS One 
3, e4032 (2008). 
218. Maclean, K. N. et al. Cystathionine beta-synthase null homocystinuric mice fail to exhibit 
altered hemostasis or lowering of plasma homocysteine in response to betaine treatment. 
Mol. Genet. Metab. 101, 163–171 (2010). 
219. Ryu, C. S. et al. Sulfur amino acid metabolism in doxorubicin-resistant breast cancer 
cells. Toxicol. Appl. Pharmacol. 255, 94–102 (2011). 
144 
 
220. Xia, J., Mandal, R., Sinelnikov, I. V., Broadhurst, D. & Wishart, D. S. MetaboAnalyst 
2.0—a comprehensive server for metabolomic data analysis. Nucleic Acids Res. gks374 
(2012). doi:10.1093/nar/gks374 
221. Xia, J., Psychogios, N., Young, N. & Wishart, D. S. MetaboAnalyst: a web server for 
metabolomic data analysis and interpretation. Nucleic Acids Res. 37, W652–W660 (2009). 
222. Chen, Y. et al. Hepatocyte-specific Gclc deletion leads to rapid onset of steatosis with 
mitochondrial injury and liver failure. Hepatology 45, 1118–1128 (2007). 
223. Smith, A. C. et al. Mutations in the enzyme glutathione peroxidase 4 cause Sedaghatian-
type spondylometaphyseal dysplasia. J. Med. Genet. 51, 470–474 (2014). 
224. Freeland-Graves, J. H., Sanjeevi, N. & Lee, J. J. Global perspectives on trace element 
requirements. J. Trace Elem. Med. Biol. Organ Soc. Miner. Trace Elem. GMS (2014). 
doi:10.1016/j.jtemb.2014.04.006 
225. Du, X. H. et al. SNP and mRNA expression for glutathione peroxidase 4 in Kashin-Beck 
disease. Br. J. Nutr. 107, 164–169 (2012). 
226. Downey, C. M. et al. Osteo-chondroprogenitor-specific deletion of the selenocysteine 
tRNA gene, Trsp, leads to chondronecrosis and abnormal skeletal development: a putative 
model for Kashin-Beck disease. PLoS Genet. 5, e1000616 (2009). 
227. Peng, A., Yang, C., Rui, H. & Li, H. Study on the pathogenic factors of Kashin-Beck 
disease. J. Toxicol. Environ. Health 35, 79–90 (1992). 
228. Hatfield, D. L., Tsuji, P. A., Carlson, B. A. & Gladyshev, V. N. Selenium and 
selenocysteine: roles in cancer, health, and development. Trends Biochem. Sci. 39, 112–120 
(2014). 
229. Moosmann, B. & Behl, C. Selenoprotein synthesis and side-effects of statins. Lancet 363, 
892–894 (2004). 
230. Fradejas, N. et al. Mammalian Trit1 is a tRNA 
[Ser]Sec
 -isopentenyl transferase required 
for full selenoprotein expression. Biochem. J. 450, 427–432 (2013). 
231. Lee, M. J. et al. Sequential application of anticancer drugs enhances cell death by 
rewiring apoptotic signaling networks. Cell 149, 780–794 (2012). 
232. Imai, H. & Nakagawa, Y. Biological significance of phospholipid hydroperoxide 




233. Suvà, M. L. et al. Reconstructing and reprogramming the tumor-propagating potential of 
glioblastoma stem-like cells. Cell 157, 580–594 (2014). 
234. Gmünder, H., Eck, H. P. & Dröge, W. Low membrane transport activity for cystine in 
resting and mitogenically stimulated human lymphocyte preparations and human T cell 
clones. Eur. J. Biochem. FEBS 201, 113–117 (1991). 
235. Angelini, G. et al. Antigen-presenting dendritic cells provide the reducing extracellular 
microenvironment required for T lymphocyte activation. Proc. Natl. Acad. Sci. U. S. A. 99, 
1491–1496 (2002). 
236. Srivastava, M. K., Sinha, P., Clements, V. K., Rodriguez, P. & Ostrand-Rosenberg, S. 
Myeloid-Derived Suppressor Cells Inhibit T-Cell Activation by Depleting Cystine and 
Cysteine. Cancer Res. 70, 68–77 (2010). 
237. Vené, R. et al. Redox remodeling allows and controls B-cell activation and 
differentiation. Antioxid. Redox Signal. 13, 1145–1155 (2010). 
238. Noctor, G., Lelarge-Trouverie, C. & Mhamdi, A. The metabolomics of oxidative stress. 
Phytochemistry (2014). doi:10.1016/j.phytochem.2014.09.002 
239. Singh, J., Petter, R. C., Baillie, T. A. & Whitty, A. The resurgence of covalent drugs. Nat. 
Rev. Drug Discov. 10, 307–317 (2011). 
240. Boskovic, Z. V., Hussain, M. M., Adams, D. J., Dai, M. & Schreiber, S. L. Synthesis of 





Associations with genomic alterations 
Several genomic alterations show significant association with cell-line response to FINs. 
Across the set of non-hematopoietic cell lines, amplification of the kinase suppressor of RAS 
(KSR1) and mutations in the methyltransferase WHSC1/NSD2 correlate with sensitivity to FINs, 
while mutations in EGFR, KEAP-1, WNK1, CYP3A4, CABC1, amplifications in ERBB2 and 
CADPS, and deletion of  AHCYL1 correlate with unresponsiveness. Within individual lineages, 
mutations in FGFR4 (Ovary and Soft Tissue), HIF1a (Ovary), BRCA2 (Breast, Ovary, 
Hematopoietic), MSH6 (Hematopoietic and Endometrial), WRN (Kidney), MLL3 (Large 
intestine), defensin (Autonomic Ganglia) and copy number alterations in STK32B (loss in Lung), 
FTO (loss in Hematopoietic), SLC7A11 (loss in Hematopoietic), PLCG2 (amplification in 
Hematopoietic) are associated with sensitivity FINs. Mutations in VHL (Kidney), PDCD11 
(Hematopoietic) and copy number alterations in COX7B2 (loss in Ovary), GUCY2G (loss in 
CNS), are associated with resistance to FINs. 
 
Protein correlates 
Correlation of proteomic data across a panel cell lines with sensitivity to FINs reveals 
high levels of phospho-4E-BP1, phosho-PDK1, IRS1, Bcl2, Snail and MIG6 to be associated 
with sensitivity to FINs, while high levels of E-cadherin, claudin7, INPP4B, PTEN and phospho-
EGFR are associated with resistance to FINs. Lineage-specific analyses uncover anti-correlation 






By correlating FIN AUCs with baseline abundance of 189 polar and non-polar 
metabolites and 110 lipids, I found high levels of glutathione, NAPDH and NADH to be highly 
correlated with resistance to FINs as well other ROS inducers. In contrast, the correlation 
between resistance to FINs and homocysteine levels and sensitivity to FINs and levels of 1-




Extended gene-expression correlates 
 
 
Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
AIFM2 8.04592973 ITGA6 4.8989522 TXN 4.6330399 TMTC2 4.4266866 PPL 4.5681904
SLC7A11 8.19600725 GJB1 4.6155544 LOC645591 4.4712615 SYPL1 4.3828793 SOX7 3.4271429
LOC344887 7.7437111 AKR1B10 5.4925756 SFN 4.951643 C1orf116 4.4670661 PLEKHG3 3.9436135
SLC3A2 7.61117774 KRTCAP3 5.1014796 SREBF1 4.8979756 RNF6 4.4193575 SYK 4.2124042
ALDH3A1 7.00383633 FGFBP1 5.2090721 DUOX1 4.6865119 GJB5 4.6014559 LGALS3 4.6044491
TMEM87A 6.82630024 TMC6 5.2119588 MLANA 4.430076 MGC16025 4.0782701 LOC1006527403.4938589
GCLC 6.72282195 DUSP4 4.8559872 FUT1 4.5637995 PANX2 5.0722203 TBC1D14 3.764201
FXYD3 7.04254008 SCD 4.7160225 FAM91A1 4.7495136 ABCB5 4.0790384 ACAP2 3.6797414
OSGIN1 7.04511372 PTP4A1 4.7204974 PMEL 4.4366549 CXCL16 4.922367 CBLC 4.5197337
AVPI1 6.12468014 SLK 4.493252 TYSND1 4.5909429 COMTD1 4.3346515 SFXN4 3.0288756
CYP4F11 6.3233397 FAM195A 4.729177 C8orf75 4.6061537 ATP1B3 4.1399813 FAT2 3.9639625
SLC7A5 6.12228596 C15orf39 4.3600916 TRIM7 4.0099361 SLC22A18 4.5885408 MCTP2 4.2196623
KIAA1598 6.49081556 AQP3 5.1714667 SPRYD3 4.4629025 SSH3 5.3545024 DGKG 3.7800927
GSR 5.85304876 SERPINB13 5.1194806 LOC285000 4.6249249 BEST1 4.2963975 KLK10 3.7683499
GHITM 5.37679984 LINC00520 4.7902758 IDH1 4.7474242 TRPM7 3.5760964 LPAR6 4.4902063
S100P 6.53858684 HES1 5.9901169 BIK 4.5646695 MREG 4.4220732 CYP2S1 4.0969414
NQO1 6.82046746 PRRG4 5.4767041 KRT6C 4.4647084 SLC31A1 4.3193047 C1orf31 3.9478489
SERINC5 6.48232811 SPPL2A 5.2419532 PPFIA1 4.6906547 MFSD6 4.751701 MESDC1 3.0764912
MGST2 5.13417482 ASB7 3.9071977 C19orf21 4.9413191 SOST 3.6837473 CBX4 4.4622211
SOX13 6.07550413 CYP4F2 4.6669171 TRIM29 4.8176907 SQSTM1 4.5638808 HIATL1 4.1166134
LTBR 5.86381909 NR4A2 4.7354827 TNK1 5.1901259 PPP1R3D 5.0382854 SPRR1B 4.1962567
FAM108C1 5.72606461 PAK6 4.7786933 DTWD2 4.4305342 LONRF3 3.9281691 ACVR1C 4.2487894
PIR 6.5010262 MBP 4.5641782 GALK2 4.4584199 KRT13 4.8171534 LCN12 3.9730699
WDR72 5.51482247 TALDO1 5.2771762 LPAR5 4.1894498 TDRD7 4.7251419 SERPINB3 4.0894461
SRXN1 5.52798304 CSTB 5.3720055 LOC1005058394.1793858 RPS6KA1 4.0674987 VAMP8 4.4138648
KRT6A 5.60711815 FAM53B 4.4946762 PLEKHF2 5.4223571 ABCC2 4.4713809 RHOV 5.0229276
ERBB3 6.19887718 LINS 4.0518639 KYNU 5.1679356 FAM96A 3.3628166 C9orf41 3.2103189
IDH3A 5.04161153 NUP62CL 4.6659801 CTSH 5.0777592 LRRC1 4.5146246 CIB1 4.292164
DNAJA4 5.65705464 PCSK6 4.7549815 C21orf63 4.9707529 ENOSF1 4.5963259 PHLDA2 4.3175221
SLC44A1 5.71202491 KLF4 5.2521926 GRHL3 4.577031 CEACAM1 4.2146724 ENTPD2 4.8130889
SERPINB1 5.46778291 IRF6 5.2271351 KIAA0284 4.9708062 S100A14 5.0295408 ZNF165 4.4030227
SERPINB5 5.816095 SPAG1 4.877558 GPR56 4.8701646 FZD10 4.0280777 PNPO 3.7083429
FAM83H 5.88647877 RAB38 4.6541407 EPT1 4.2744971 ATP11B 4.1476909 USP53 4.6211205
GPX2 5.54044573 MXD1 4.7668399 SLC45A2 4.3406428 RAB17 4.089256 CFD 4.7071804
LRP8 4.69524886 OSTF1 5.6302651 GDF15 4.7675442 PTPRU 4.2630261 CDH1 4.8740674
MTFMT 3.92982293 TP63 4.7596659 CPN1 4.4512128 MIB2 4.3015192 NR4A1 3.7990492
ELF1 5.77418518 SOX15 4.9326996 FRK 4.5257844 C6orf192 3.8730499 ERMP1 4.3423413
GPD2 5.56473906 GBP6 4.3040015 FOXQ1 4.5634578 NIPA2 3.7968608 TACSTD2 4.5877505
SELS 5.07743478 ANKRD22 4.7081673 ARAP2 4.3638589 USP8 3.8684326 TREML3 4.177724
SAT1 6.07339501 TYR 4.6577739 FRMD4B 4.1644903 FAM83F 4.2960883 SPRR2A 3.9393137
ANO1 4.96507538 RHOD 5.2678964 B3GNT2 3.9572569 LDLRAP1 4.7609155 MIR205 4.6025174
CSTA 5.6613267 KRT5 5.0220143 GJB3 4.3452825 GCH1 3.6628473 RNF43 4.3338046
PERP 6.53302554 ALDH3A2 5.7854015 SLC22A18AS 4.3642988 FAM83B 4.2544402 PTBP3 4.0219654
ESRP1 5.96810006 MPZL2 4.9674675 SPINT1 4.9050673 FAM120A 4.3549559 ERO1L 3.8681322
MOCOS 5.22732634 AKR1C1 5.2586571 LRGUK 4.7952035 CCPG1 4.528504 SLPI 4.3832434
MTUS1 4.90459147 FAM102A 5.0307762 LINC00473 4.0818586 RXRA 5.0113455 MID1IP1 3.5132552
CHP 5.22370297 ELMO3 5.3544978 MAP7 4.756111 C15orf24 4.2798683 C22orf25 4.3702601
LYN 4.72870041 TRIM63 4.6245914 ARHGEF5 4.7841951 S100A11 4.4995 CTTN 4.1786818
AKR1C2 5.75586867 AP1S3 4.8434385 NSUN3 3.8288557 PLA2G4A 4.7995208 ATE1 3.0914701
ST6GALNAC26.31335362 PYCARD 4.4769789 EHF 4.558569 SPRR1A 4.0941973 MBOAT1 4.751106
ACSL3 5.55701174 TMEM144 4.7858475 DSG2 4.9240514 ESRP2 4.8925496 PEX11A 4.5158521
HTATIP2 5.71990672 FUCA2 5.1958046 TNFRSF14 4.3803717 PGD 4.1274282 ABHD3 4.1090725
KLF5 5.58739143 TPRXL 4.534323 PHF15 4.9066999 IL20RA 4.1657455 PPIB 3.5461538
SLC27A3 4.94324966 CD55 5.3706425 FEM1B 3.7367579 IL1RN 4.1996755 INO80 3.9943657
DSG3 5.09507249 AGR2 5.0686022 SH2D3A 4.6396847 CREG1 4.6813573 YOD1 3.3731944
TNS4 5.30981698 PLEKHH1 4.6294102 PLLP 4.075249 ALOX12P2 4.2893345 TSKU 4.4838681
PIGB 4.90990186 GALNT3 5.1880047 NHLRC2 3.3566456 F11R 4.8477364 KRT6B 3.7296301




Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
LYPD3 4.80957762 TRAF3IP2 5.0518144 SOX10 3.8691173 BAIAP2L2 3.6756363 CANX 3.516031
SPG21 3.1424053 C16orf74 3.9418903 ADPGK 3.142391 B3GNT3 3.8886406 HSH2D 3.3587937
MARVELD2 4.5698855 MYO1D 3.8263091 ADAP1 3.6627645 TBK1 3.4521386 WWP1 3.9991385
CLDN7 4.63895935 LOC728978 2.9423944 KIAA1671 3.8942652 ARPC1B 3.7203989 FUT2 3.5334495
IRF4 3.98527378 SLC33A1 4.010936 LOC285401 3.6127972 YWHAZ 3.4234423 TTLL12 2.6560861
RNF125 3.82069157 MGC11082 3.9658127 MON1B 4.030007 TRPV4 3.0640841 NQO2 3.9794457
HSBP1L1 4.36878209 ITGB4 4.1232986 ARIH1 2.9887626 CCNO 3.7348367 SLC6A14 4.1795304
RREB1 4.25009907 HPS4 3.6471192 FZD6 3.9873726 SORL1 3.7508916 ATPBD4 2.8694436
ARHGEF16 4.09651044 ADH7 3.5832683 TRIM47 4.3738956 COX5A 2.6308189 SDR16C5 4.116705
MST1R 4.49640464 ADH1C 3.6765903 TKT 4.4798385 AGAP11 3.8654895 CARD14 4.2125162
CLPX 2.66288362 MMP8 3.9260071 TMEM62 3.9371806 OPLAH 4.2774952 IL6R 3.6719008
ANXA10 3.78297153 SLC15A2 4.6591499 LINC00479 4.2543586 CALML4 2.9327344 ME1 3.731114
SLC12A6 3.71810558 VSIG10L 4.1913598 DSC2 4.0432531 SLMO2 3.0545404 SLC16A5 3.9586401
CYSTM1 3.38952956 HTA 4.1002136 IPPK 3.3733011 ARFGEF2 3.9594578 ABCG5 2.8959975
KIAA1522 4.79271171 DCT 3.9086838 PCYT2 3.8800839 C17orf99 3.3911316 MFSD12 3.5350656
SCARB1 3.73408842 IGSF8 4.120336 GJB6 3.7908168 BIRC7 3.3800107 DHX32 4.1010942
LOC1004994674.74400706 MMP15 3.6754265 CCDC47 3.6406401 HEATR5A 4.5156116 CORO2A 3.568183
EVPL 4.62599218 TRPM1 3.6607161 ST6GALNAC1 3.2730002 PTK2B 3.736236 LRRC58 2.446588
GLA 3.58926702 ABLIM1 3.384987 PVRL1 3.939418 SDF2L1 3.6844264 EPHX1 4.663862
PTPN6 4.7817584 LNX2 3.9832754 IRF2 3.797238 CDH3 4.5363171 DDR1 4.2149665
LINC00518 3.81559038 SNAPC5 4.0646531 CEACAM6 4.3421462 C6orf132 3.9199281 MTDH 3.2378053
SH3TC1 3.74142002 LSR 4.2887851 PCSK9 3.6432821 C12orf66 3.4655763 ZDHHC12 4.0227197
FKBP11 3.66842201 ITPK1 3.7980359 LOC1005061193.6866164 HRK 3.5291599 MICALL2 4.8416627
ST14 4.37806136 IL1RAP 4.1830378 PION 4.1528595 OMA1 3.8221256 NRG4 3.5445783
SH3BP1 4.23280974 TMEM41A 3.7455874 SMPD2 3.6505922 SLC52A1 3.9354826 NIPA1 3.3395629
PPP2R5A 4.03378238 TCIRG1 4.793881 MAFG 3.6205003 C10orf90 3.7633879 GPC1 4.36891
TMPRSS4 3.98452211 MMP28 3.8743608 NMB 3.7502603 STX17 4.0263734 FOXA1 4.4164415
TFRC 3.60129944 TBC1D16 3.6891501 VPS33B 2.8031713 C10orf116 4.2632499 PPAP2C 3.9726575
TTC22 3.97448472 RAB20 4.6331621 ARRDC1 4.1229316 LITAF 3.9888394 DHRS7 3.9784459
MARVELD3 4.45501194 ESRRA 3.8643232 KLF3 3.5761287 CELSR1 4.575093 GFM1 3.1879889
DEF6 4.13730391 TMEM87B 3.9519114 DNAJB14 3.64683 FAM110C 3.6694763 TPRG1 3.9237627
IDI2-AS1 3.5613577 ABHD2 3.705163 PLA2G10 3.546184 FAM199X 3.3330206 CAPNS2 3.9445979
ASAH1 4.47303073 GRHL2 4.6436905 REEP4 3.419123 SIRT7 4.1791597 ZNF750 3.8250197
RNF19B 3.81187799 TYRP1 4.01755 ZFP36 4.1108798 PTAFR 3.7136736 LOC100652770 3.72462
NFE2L2 4.47350693 PRICKLE3 3.4631094 SCGB1A1 3.662777 TMC7 3.4162835 FRAT2 3.2161037
TMEM33 3.26625927 C15orf44 2.5718373 RDH13 3.6162677 CEBPB 3.7746931 LY6D 3.9266688
CD9 4.38341303 MCCC2 3.7790184 GNA15 3.609742 COASY 3.9332031 LIPH 4.2474341
KRT4 4.55325018 SYNGR2 4.2361637 SYTL1 4.2183813 AADAC 3.2096837 DSC3 3.9170209
GDPD3 3.79990975 CHL1 4.194086 MESDC2 3.6882256 LOC1005064593.6092857 SMURF1 3.7468536
IFNGR1 3.89438792 DUOXA1 4.2247936 CALML3 3.6752664 ADAMTSL5 4.0124879 PRR5 3.5056885
KRT16 4.48711247 NAPRT1 4.4246637 ARTN 3.8504078 C12orf54 3.4309272 GJB2 3.622733
DKFZp686O13273.8135832 NHSL1 3.7155365 FA2H 3.8873744 SLC27A2 3.6941852 MLKL 3.1333704
AGMAT 3.33666697 PLEK2 3.6977521 ALOX12 3.6081401 FYB 4.1514979 JAG1 3.6207466
DNAJC3 4.38877962 S100A10 4.564428 PIM3 3.8194617 PVRL4 4.2927103 CNKSR1 3.7871278
HDDC3 3.50597477 IGFL1 3.3637735 FCGR2B 3.5883104 NAPG 3.5775242 CYBA 2.8230073
FERMT1 3.64249174 NFKB1 3.2923031 IFI30 4.1622784 RPP25 3.2064927 TMBIM1 4.1389276
SLC35D2 4.21347067 C9orf169 3.7756007 HAGHL 3.1593963 GLCE 2.6660198 STXBP2 3.715715
TASP1 3.52956792 TMEM102 3.7731915 TMC4 4.3128686 LOC1005056443.3059693 RNPEP 3.4464017
RBM47 4.48401437 C1orf172 4.2338972 SSR1 3.9062058 TCN1 3.8404607 VSNL1 3.3167261
RAB25 4.45770269 ITPR3 4.2834618 MAPK6 3.3091217 PRSS22 3.8633427 PROM2 4.4538231
TOB1 3.96368212 PICK1 3.884359 BAMBI 3.9289602 PLD1 3.9774755 AUP1 3.1504006
TMED10 4.27140178 DUS2L 3.6911368 TMEM189 3.7670129 GSTA1 2.8489666 PNPT1 2.273313
FAM206A 4.00414438 SSFA2 3.6314015 BAIAP2L1 4.4924113 MIR205HG 4.3716735 PPARGC1B 2.4874604
GAN 3.87525943 CYBASC3 4.7048339 KRT14 3.6367791 SPRYD5 3.6590174 CEACAM5 3.8472843
ACP5 4.04183867 NCOA7 4.2602025 PLSCR1 3.9609873 LGALS8 4.2898261 TSPAN1 4.0051279
TC2N 4.36550897 DNAJB11 3.6461435 HR 3.2531201 CMTM8 3.6107167 SLC1A5 4.0061187
DSP 4.30880715 KRT17 3.8972552 JAKMIP3 3.8634773 EPN3 4.2905763 LRP5 3.5123711




Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
EPCAM 3.967489 SPATS1 3.1074071 TMBIM6 3.9958757 TGIF1 3.5748174 PHC3 3.2308854
C9orf114 3.36522323 GPI 3.1049524 ACADS 3.5326649 ZDHHC5 3.4543912 TMEM30B 3.7359254
SPTLC1 3.13842274 EGR3 3.378636 SCNN1A 3.8188575 CSK 2.2357113 ANKS1A 3.5634087
COL9A3 3.56170663 CD86 3.3694633 LOC100506629 3.783606 SEC11A 2.8831711 SLCO1B3 2.8306175
VANGL1 4.12754214 C8orf73 3.8914269 MAP2K3 2.9625435 KIAA0664 2.7371738 SLC30A1 2.9303114
FGFR3 3.73480857 EMP2 4.1108893 tAKR 2.9404692 SPR 3.3049448 AGPAT2 3.2232209
HDAC4 3.47637257 SLC22A23 4.2577949 EPB49 2.952046 LOC1005055643.1864324 AAGAB 3.0351796
ENTPD6 2.98619622 SAMD5 3.1918206 IGSF11 3.1097882 MYLIP 4.2084714 IL22RA1 2.9038821
ATP6V0D2 2.92973513 MOB1A 3.0953383 SLC9A3R1 3.6143296 CMTM4 3.6523919 TACC2 3.2419798
LAD1 3.60098449 HPSE 3.1492981 ACO2 3.2939676 HMGA1P4 3.4133263 PTGR1 3.7679694
THBD 2.95953628 SLC39A9 3.6194815 GAS8 3.8849435 PON3 3.4431472 POR 3.4499983
GFOD1 3.04738573 CHMP1B 3.9198062 AIM1L 3.587005 CASP10 3.5090429 HPGD 3.8072397
MAN2A2 3.37564057 LAMP3 3.3170105 ANXA11 3.2108899 XYLB 2.928523 GALNT12 3.0418016
LOC1006530103.36758311 TES 3.7740533 AP1M2 3.6011883 EXPH5 3.8940711 AHR 4.4208421
PRR15 3.63144961 CASC4 3.7278026 TMEM125 3.658683 OVOL2 3.9504774 ABCF3 3.6288443
LRRC16A 4.18301503 REL 3.54096 BAG3 3.4616312 FAM118A 2.993434 F5 2.8632291
CPOX 2.77937112 KRTAP4-1 3.6957592 GPR126 3.7522576 SLC7A8 2.873188 ZDHHC20 3.0501871
GSTO2 3.75369919 FAM83A 3.6485382 LMTK3 3.7993366 C11orf93 3.3896782 MYO5C 3.4683465
HHEX 2.64851095 PDCD10 3.4448928 KCNK1 3.8159257 RTKN 3.5299839 VDR 3.7339866
IL18 3.61358038 ARRDC4 3.678023 ADSS 2.6370751 GOLGA1 4.2836826 ROPN1 3.4917382
SPRR3 3.49157179 RCE1 3.6999581 MAFK 3.7888357 DUOX2 3.1271908 KREMEN1 3.5752601
NRARP 2.96954826 PRRG2 4.1743549 ZDHHC23 3.2682494 RAPGEFL1 3.4034478 TSPAN15 3.452576
KIAA0494 4.25289 CYP4F12 3.7376753 NADSYN1 3.2996617 CHMP4C 3.9186054 SLC35C1 2.661336
SLC52A3 3.45098292 SOWAHC 3.1695037 TMC8 3.5237929 GNPTAB 3.4553711 PIGA 2.7576402
MAL2 3.92294434 LOC1005070863.3565607 PPP1R26 3.0913655 RAB10 3.648205 SH2D4A 3.5511397
HYAL1 3.54613714 DENND2D 3.5352856 GAPDHS 2.9942934 C14orf182 3.1933954 TIAL1 1.5553776
UBAP1L 3.20541123 RCCD1 3.0333312 LOC389641 3.4266768 CTSD 4.112648 TOM1L1 3.1062044
GRTP1 4.12471076 MYH14 3.6056154 PPCS 3.7177143 TMEM8A 3.4870601 C1QBP 2.3623905
SLC39A4 3.42626514 LOC1002926803.6716407 PRKCD 3.7613027 ZFYVE27 2.5291505 CHL1-AS2 2.8435498
LLGL2 3.872376 COL17A1 3.366057 NUP50 2.8027243 SLC47A2 3.8792939 ATP1A1 3.2747914
KLHL6 2.6545455 CA2 3.2309209 CYB561 4.3457966 CNIH 2.8265508 SLC9A2 3.3249017
MYC 3.28241379 ARMC10 3.1736508 EMB 3.0113373 ARSG 3.3893652 GPR18 3.0406055
ATL2 2.89589957 DPP7 3.9352665 SPSB1 3.4448201 C2orf18 4.0418779 EFHD2 2.467069
CYBB 3.22013257 UPP1 3.6319819 LMTK2 3.2494886 RNF39 3.6244357 RDH11 2.7052376
CHD2 2.97445318 FAM167B 3.5874459 HORMAD1 3.6936454 PCGF5 2.924537 C9orf95 3.8361948
CHUK 2.09243008 PKP1 3.3015604 NAMPT 3.6676043 STARD5 4.0254089 DTX2 3.6727713
FAM83C 3.19407315 HSPA1B 3.7190772 GPR87 3.510321 TYW5 3.2651287 ISG20 2.6285152
ABCC1 2.38753307 LOC1005056643.0227245 MRPL41 3.3077781 PDCD6 4.0092551 HSF4 3.7684377
PKP3 4.03005668 FAIM3 3.5021779 TGM1 2.938752 EXOC6 2.4176158 KIF13B 3.2773192
RAB7A 2.91730877 MSLN 3.2781019 ARHGAP12 3.049714 HDHD3 3.7961085 POLR3G 2.1001795
ETV4 2.33090394 PRKD2 3.5091583 NET1 2.9739823 ATP6V1C1 3.1947844 DDIT4 3.4538262
LAMB3 3.47370348 MRPL44 2.416907 ABCG2 3.9765578 ANXA3 3.3448931 ALG3 2.8796895
LOC340357 3.471634 BLVRB 4.6323605 IRF5 3.373102 TLCD1 3.9552045 GNAL 3.1725061
ZFYVE19 4.03360098 PIK3CB 3.4263455 SLC27A4 3.043432 MOB3B 3.0164641 DHRS9 3.4532062
LOC1005063423.62836122 TMEM38B 3.6493938 TIRAP 3.2855154 SEMA3B 3.7872034 SHROOM1 3.0476644
JMJD7 3.47690939 IARS2 2.8523069 LPCAT2 3.4947125 CHCHD5 3.484081 TRAF4 3.1943304
OVOL1 3.57545795 CTAGE5 3.5380897 LRP10 3.9660467 IER3 2.9223242 SLC20A2 2.8050872
NR4A3 2.7381928 FLJ31485 3.1320474 SFT2D1 3.2355137 ANKRD5 3.1596237 COBL 3.2647091
S100A9 4.11626208 PPFIBP2 3.5619193 MFI2 2.8870133 SERPINB11 2.9465111 GLE1 3.0560225
TFAP2A 4.61551689 ZNF296 3.2614072 DGAT1 3.5477379 NPAS2 2.9758924 FZD5 2.8500469
C10orf54 3.68508327 CNGB3 3.3756904 SFXN1 2.8242029 GOT1 2.8677023 SERPINB4 3.292566
AMDHD2 3.23194578 PPIP5K1 2.9099613 AP1AR 2.7298246 SLC12A8 3.7334627 SPATA13 3.3373095
PIK3C2B 3.65316467 LRG1 3.4365828 CEBPA 3.5266074 PSAPL1 3.4269804 SPINK5 3.4658009
MIPEP 3.20104347 KIF16B 3.3776771 SLC26A9 2.3774301 STK24 3.304158 ZCCHC6 3.6215029
LOC1005061153.7344465 GOT2 2.9195484 UCN2 3.5009289 C7orf43 3.2063582 MUC4 2.9309248
CCDC57 3.83749483 ZFAND1 3.0627994 ZDHHC24 3.5896016 VTI1A 2.257517 TYMP 3.4463805
ALS2CL 3.85845126 STAP2 3.6699068 AKR1C3 3.8778501 SLC9A8 3.7435072 FOS 2.9761075




VILL 2.84346955 CYP4V2 2.7798824 PTPN3 3.4064949 GCOM1 3.2236484 UFL1 3.0074971
PLEKHB2 2.77973522 ITPKB 2.82195 HYOU1 3.121013 SLC37A2 2.9920604 SH3TC2 3.1812708
EPHA1 3.58827459 ALAS1 2.9829924 CC2D1A 3.1084694 KIAA0564 2.2592978 PACSIN3 3.2373742
GIPC1 3.38407047 CASC2 2.7639859 WFDC5 2.9083993 PISD 2.7199842 CBFB 2.2439118
C19orf33 3.14241784 CDS1 3.9685952 TTC35 3.2842582 XPO4 1.7978905 UGT1A6 2.9659423
MTHFSD 3.63933694 AGA 3.436285 LOC1001310963.2400839 SPG11 2.9941417 ADCY3 2.5502389
C3orf33 2.79311724 MTRR 3.2728062 STAT5A 2.343647 DDX21 1.30724 ADAM15 3.0024002
DHRS7B 3.53725643 DIRC2 2.6940634 FAM59A 3.8340976 S100B 3.1851955 RNASEL 4.0265997
ENTPD5 3.13529946 NOL12 3.0715702 PLCD3 2.7031978 RPS6KA4 3.2553034 ATR 2.4433159
TJP3 3.69468624 COQ9 3.1240079 EDNRB 3.5399701 WDR73 2.7162061 ZSCAN12P1 2.5198574
MKNK1 3.77568293 C15orf38 2.739673 TMEM45B 3.4811981 S100A8 3.5271486 SDHB 2.3362011
S1PR4 3.16124871 ADAM23 2.3589204 BAG1 2.7201327 TSPAN14 2.6421355 PLXNB3 3.7304939
SETDB2 2.86348269 FTSJD1 2.993049 MTIF2 2.4388034 PTGFRN 3.0953722 WRNIP1 2.0936714
OR7A5 2.57175341 IL12RB2 2.8527225 TRBV7-8 2.567969 SLC7A1 2.4763246 C1GALT1C1 3.1213158
CLN6 2.47660035 MLIP 2.433209 GJA3 2.9622339 SNHG8 2.5383574 CAPN1 3.26455
PRSS16 3.4886181 CLCN2 3.0917482 C11orf20 2.8632443 SSH1 2.8565936 ATP6V1G1 3.1228865
MINK1 3.24895162 CHMP2B 3.3800177 PAQR5 2.6238297 41699 2.9637173 INADL 3.6474804
FLJ35776 3.47336014 TNFRSF10A 2.9896195 XPNPEP3 3.4029724 SRPRB 2.8553218 CLIP1 3.6366913
TMEM184C 3.69319576 PAX9 3.2394449 CERS3 2.9579375 EEPD1 2.4774043 FURIN 2.593706
DAB2IP 2.61479398 TMPRSS11D 2.0515695 JAG2 3.1346343 CISD3 3.0777262 TMEM63A 3.5641215
DIP2B 3.70328693 SLC25A32 1.9007846 IGSF3 3.6922843 BROX 2.5926051 CYB5B 2.6644534
WHAMM 3.10462909 USP43 3.5556228 LOC1005054982.6840922 KRT15 3.5640165 ADRBK1 2.9699237
WDR90 3.36471238 SCML4 2.806441 RAP2B 2.7325625 LRRK1 2.4962108 EHBP1L1 3.3083443
SNHG7 2.59942874 RAI1 3.5294316 MAST4 2.6891894 PIEZO1 3.2753671 B3GALT4 3.5640701
DCUN1D1 2.62157244 C10orf47 3.1091559 DNAH3 3.0023495 PDE3A 2.3446641 TMEM168 2.7674175
POF1B 3.07205781 DTX3L 3.5216939 ARHGEF3 2.9562282 PCDH1 3.2544224 NINJ1 3.9146723
TRIM31 3.22245544 OAS3 3.2167604 ABI1 2.5983309 ANO9 2.9998778 ENTHD1 2.6007083
OTUD6B 2.44633872 TGDS 2.959074 TMEM170A 2.5720419 ADIPOR1 3.448516 APOC1 2.6044915
RG9MTD2 2.55063896 B4GALT4 3.3392437 ZSCAN29 2.7173228 LOC1001278883.0867617 BCO2 2.9127863
SLC37A1 3.52873358 CPB2 2.4651464 UNC93B1 3.3186949 NPNT 3.0519437 ELOVL6 2.0422447
NOXO1 2.97666335 UGDH 3.2476927 SEL1L3 3.2338869 INPP5F 2.2411838 KIAA1199 2.801679
YDJC 2.82104057 TMOD3 2.8239319 DIAPH1 2.6601342 DUSP6 2.468025 FAM69C 3.0606356
FTH1 3.71760903 SLC22A5 3.6828741 FLJ10661 2.4641817 BSPRY 3.5162844 TMEM141 3.4441867
IL16 3.64492562 MANSC1 3.1995366 TRIM56 3.7397094 RAG1 2.7774314 NAA50 2.1257332
STARD10 3.56518933 MYO19 2.6292927 TM4SF1 3.0242557 LENG9 3.1138386 UAP1L1 2.4263815
KRTAP7-1 2.7074282 NT5C3 2.8396187 TREX1 3.044812 RNPEPL1 3.1357749 MAP2K1 2.3127205
LOC1006529543.09161939 SLC4A11 2.5659008 C5orf22 3.2717761 NAT1 3.1777563 TMEM9B 3.2298998
PTPRZ1 3.56864143 PDE8A 2.6767696 EID3 3.0325197 LPAR2 2.7492332 SH3D19 3.3950311
SMARCD2 2.67785305 AP4E1 2.4947281 TYRO3 2.7511943 CARD6 3.1439374 SLC30A5 2.833964
MRPL46 2.07014984 AP5B1 3.092569 MUC5AC 2.6628034 LYPLAL1 3.2228833 FGF19 2.2512297
PSCA 3.90779651 MRRF 2.1428408 HPS1 2.9372726 LOC1001295022.6695284 FAM81A 2.1865927
NSUN5 3.27047747 CLDN8 3.9835896 USP54 2.887213 MEGF9 3.5236239 RNF13 3.3189374
OAS1 3.12648107 ARPP19 2.3092182 LRAT 3.0285444 THEM4 3.1533045 NIPAL4 3.0155082
KCNK5 2.98414164 SLC45A4 3.2716187 GSDMC 3.2425976 RIPK4 4.135187 SELT 3.0243032
COX6B2 2.8610082 TRADD 4.3284523 FXYD5 2.9853614 SRC 2.9882683 HDDC2 2.136695
KIAA0319 3.56062045 SLC27A5 2.5290902 C14orf126 2.5561922 DCAF4L1 3.0103002 G6PD 3.642032
HAL 2.85121049 NPTN 3.2376851 CASP1 2.9922107 PILRB 3.8415222 PLP1 2.841538
WNT10A 2.94639433 PKP2 2.9314967 CD46 3.5012881 NTRK2 2.9099752 ABCC3 3.7861856
AP1G2 3.62912337 HES2 3.2906271 PPIF 1.9965547 TMEM229B 3.3045371 ARAP3 2.1558918
TNFRSF21 3.77196144 LOC1005059463.4422836 PLEKHG6 3.5897676 CCDC64B 3.3721226 EIF3A 1.1737269
LOC1005067143.45502616 C9orf64 2.7544606 HILS1 2.923617 AFTPH 3.6850999 NMD3 2.2493564
LCN2 3.33784067 PNPLA4 3.1249149 RPP38 2.5941159 MFSD9 2.6759884 REG1P 2.7080751
SLC12A7 3.07516144 PPTC7 1.9661126 ZFP106 2.2013147 LRRC8A 2.1786977 RHPN2 3.0027628
SULT2B1 3.35307435 PITPNM3 3.4909904 UBQLN1 2.3217811 CYB5R2 2.8483879 GTPBP10 2.6362105
SLC9A1 3.54072253 SLC2A9 3.1459864 BHLHE40 3.5451187 CDK2 2.4744732 MRPS30 2.4566083
MAPK13 3.47909917 IGF1R 3.156181 PRELID2 2.822752 FAM49B 2.7048921 UNC45A 2.7354135
CRB3 3.66273724 MACC1 3.0445808 PSD4 3.2495468 CXCR2 2.8205908 EXOC8 2.8212087
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PTER 3.05711234 INADL 3.6474804 SLC1A4 3.5097608 WAPAL 1.5177635 SLC16A14 3.682762
CHMP2A 3.90966484 CLIP1 3.6366913 TUBBP5 3.0928395 HINT3 2.438308 PRSS8 3.3715296
ELK4 2.23211411 FURIN 2.593706 CCDC51 2.7227006 TRIB3 2.3932207 PPA2 2.4081071
IDE 1.8819646 TMEM63A 3.5641215 ATP2C2 3.1328249 PCYT1A 2.7641808 LAMP1 3.5844619
LEF1 2.96661171 CYB5B 2.6644534 ILDR1 2.950371 PRKCZ 2.8867868 RAB21 2.7995592
ABCG1 2.91932666 ADRBK1 2.9699237 SNX10 2.6590427 DNASE2B 2.5652442 BACE2 2.8476255
SLC25A5 2.25694859 EHBP1L1 3.3083443 NBEAL2 3.020432 RUNX3 2.1939252 ARFIP1 2.6969314
CST3 2.92091102 B3GALT4 3.5640701 BCR 2.577434 FANCI 2.0245188 FCRLA 2.2957077
SPI1 2.84044796 TMEM168 2.7674175 ELL3 3.1116968 C9orf69 2.9407094 SLC29A3 2.9594847
HCG4 3.25357959 NINJ1 3.9146723 C8orf55 3.0700613 FOPNL 2.1058129 CLCN3 2.6548278
CDH19 2.79177032 ENTHD1 2.6007083 GCNT3 2.6053986 HS3ST1 2.8607446 RAD51B 1.6299304
PIP4K2C 3.4713479 APOC1 2.6044915 MLEC 2.9154523 KLK1 2.1840359 DHODH 2.1171582
PSMG3 3.10382351 BCO2 2.9127863 TMEM208 3.4209856 PRSS21 2.4427631 DNAJC15 2.9192148
ATAD1 2.18175551 ELOVL6 2.0422447 PTGES2 2.6531412 MCOLN2 2.3220431 PDE12 1.9616713
RNF149 2.46542758 KIAA1199 2.801679 KIF9 2.3546025 RRNAD1 3.1318731 GAST 2.8192192
JUP 2.97129057 FAM69C 3.0606356 FMN1 2.8523876 MICA 3.1586577 SGK223 3.0009224
PPP1R2 2.85199331 TMEM141 3.4441867 TFF1 2.9891763 MED18 2.3492816 EDEM1 2.6291374
LOC284023 2.43739609 NAA50 2.1257332 KLK9 3.1502879 SLC25A28 2.6944259 WDR61 2.5147982
KCTD3 2.3170653 UAP1L1 2.4263815 GLUD1 2.2931126 JOSD1 2.8472289 NOTCH3 2.8619997
SPICE1 3.01606017 MAP2K1 2.3127205 HEXB 2.6547933 SCEL 2.7607619 LOC100128737 1.995257
PPCDC 2.1626955 TMEM9B 3.2298998 QTRTD1 2.0194083 RAP1GAP 2.9238838 LGALSL 2.1445631
SLC5A4 2.58551252 SH3D19 3.3950311 NR0B1 3.0042965 TRIM15 2.4649025 WARS 3.1523414
FAM73B 3.14571528 SLC30A5 2.833964 TMPRSS11E 3.3276051 CHPF 3.3148707 SLC25A43 2.936795
ZBTB7A 3.02756394 FGF19 2.2512297 LOC1005056062.3629081 TST 2.446726 NPL 2.8319594
LYPD5 3.22903928 FAM81A 2.1865927 ALDH1A3 2.6902376 TPRG1L 3.141078 HNRNPF 2.036089
TMC5 3.14335298 RNF13 3.3189374 CPNE3 2.4721716 C3orf37 2.568835 CHAC1 2.5214422
C9orf156 2.5786684 NIPAL4 3.0155082 C6orf115 2.3968487 GYLTL1B 2.7041653 KLB 2.1556105
TMEM14A 2.89080258 SELT 3.0243032 OCA2 2.0726955 CMPK1 2.4945724 OXNAD1 1.9132814
NAA35 2.23672932 HDDC2 2.136695 ATP6V1A 3.1009081 TNFRSF1A 3.3698882 PRM2 2.7302915
ZDHHC6 1.97445971 G6PD 3.642032 TMEM64 2.5927423 IGF2R 2.8378361 RAPGEF5 2.2528326
ATP10B 2.76741487 PLP1 2.841538 XK 2.2809384 ENDOD1 3.0428832 POLQ 2.1446579
MAFF 2.30493892 ABCC3 3.7861856 NDFIP2 3.094254 ZNF57 2.6728261 ZNF394 2.7441855
FAM204A 1.59511163 ARAP3 2.1558918 ARHGAP27 3.0363245 GMDS 2.4192005 KLK8 2.7611358
BCL2L13 3.06944248 EIF3A 1.1737269 SLC39A11 3.0485198 EDAR 2.5021959 AGXT2L1 2.2433634
ELF3 3.51483995 NMD3 2.2493564 TMED3 2.5009818 LOC1005061902.9088903 SNCA 2.3122177
LOC284788 3.03024687 REG1P 2.7080751 RFK 1.5290191 KIAA1257 2.8935368 B9D1 2.8018749
BIN3 2.37182626 RHPN2 3.0027628 OSGIN2 2.5476166 DNAJA3 1.9010717 RASSF6 2.810433
LCLAT1 2.63195427 GTPBP10 2.6362105 PPP1R15B 2.3700457 IFNA1 2.3725028 C1orf85 2.3411904
MCM9 2.72276848 MRPS30 2.4566083 TMEM154 2.8341574 WWP2 3.2063681 TANC1 3.1681303
IL36G 2.57936805 UNC45A 2.7354135 NT5DC1 2.7032812 ATP13A2 2.8415408 KLLN 2.2413733
RAB14 2.90511014 EXOC8 2.8212087 EML2 3.0845077 PGGT1B 2.2324416 SLC12A2 2.074838
CLDN4 3.27717746 CTDSPL 3.0164629 ETFB 3.2598457 ARHGAP32 2.7729275 VPS13D 3.4652794
JUNB 3.18059497 PTER 3.0571123 PTGES 3.2813377 C15orf42 1.9138179 SP140L 3.0310202
SLC26A6 3.36172648 CHMP2A 3.9096648 TGM6 2.8398691 SLCO1B1 2.3100218 TRUB1 1.3153683
MOSPD2 2.65273332 ELK4 2.2321141 DAG1 3.7079652 KCNAB2 1.884441 MAN2C1 1.9525325
MST4 2.96885326 IDE 1.8819646 PRPS2 2.0144532 TLR2 2.4492668 TMEM159 3.6427195
BATF 2.96657793 LEF1 2.9666117 ATF7 2.0949849 TSPAN8 2.3503449 LOC641518 2.309151
FAM83E 2.93993567 ABCG1 2.9193267 GHDC 2.5963511 TUBGCP4 1.8258167 AGPHD1 2.8881295
CYP39A1 3.04844164 SLC25A5 2.2569486 NIPAL2 2.5346726 C2orf70 2.4300945 LYSMD2 2.3271664
ARRDC2 2.40116493 CST3 2.920911 NUDT4 2.8826343 TBL1XR1 2.7919952 RCN2 2.1563125
PPP6R1 2.19033183 SPI1 2.840448 RNF207 2.6697844 LSG1 2.2506354 LPAR3 1.8762957
CD58 3.13532111 HCG4 3.2535796 PSEN2 2.9868347 TLR6 3.0701701 RHAG 2.5396852
TMX2 2.67207495 CDH19 2.7917703 ANAPC16 3.0104938 ALG5 2.2112491 TMX1 2.0570582
AGFG2 2.80104491 PIP4K2C 3.4713479 TUBAL3 2.3428419 TMEM17 2.7609142 PLBD1 3.2712769
DNASE2 3.27002594 PSMG3 3.1038235 C1orf210 2.9408665 AKR1C4 2.2365751 M6PR 2.4188261
INPP4B 2.68536986 ATAD1 2.1817555 B3GNT5 2.2571381 RAB27A 2.7085643 KLHL36 3.120601
ENTPD3 3.36999949 RNF149 2.4654276 SLC47A1 2.7329129 NOSTRIN 2.4833844 LRRC45 3.1071752
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ABHD10 1.85747786 PTDSS1 1.7075909 PYCR2 2.3714727 LOC1001288812.1168248 SCAMP2 2.3783864
SLC39A2 2.79869902 CLCA4 2.7060053 FGD4 2.3473321 ANKRD60 2.3005779 NEIL1 2.8261792
SAMD9 2.82877199 GRHL1 3.5960257 DOCK5 2.7840393 ALG2 2.4495724 RNF128 2.613843
PELP1 1.90468792 TCF20 2.3161273 LOC647979 2.681569 CATSPERB 2.8736314 MS4A5 1.936239
KIAA0930 3.03245031 AGTRAP 2.3349417 PARP9 3.1435266 SAR1B 2.8292892 EPS8L3 2.1983356
SELO 2.82515234 ZCCHC14 2.3787568 PLSCR2 2.3184164 GRAMD4 2.7775811 SLC39A12 2.9542145
FASTKD1 1.60339244 GDA 2.5919495 DDRGK1 2.2763943 SLC44A3 3.1760361 GYG1 2.3227273
DIS3L 1.6191218 LOC1005069352.4471132 C1orf220 2.2781916 RANBP10 2.5717264 OR7C2 2.0219856
SPECC1 3.19472376 LOC440993 2.792798 FOXK1 1.9404837 ZNF770 1.6552031 CALML6 2.8639837
PDZD8 1.20363103 PYGB 2.2143881 SYVN1 3.2233308 NOB1 1.7589495 CAPN8 2.8614231
DUSP22 2.90276506 IER5 1.9863172 RAB11FIP1 2.6253757 IGHMBP2 2.3480359 KITLG 3.0306811
KIAA0146 2.72548459 DOCK6 2.2837939 MBNL1 2.0680056 TAF1C 2.6163306 TSPO 2.7052622
CTLA4 2.53687 CEP55 2.1181475 PTPMT1 2.3399104 MTRF1 2.2094394 ASPH 2.9418204
SULT1A1 2.82909239 CD68 2.5176849 SPATA5L1 1.5577088 EHBP1 2.6735491 C8orf49 2.2003306
NPC2 3.26904992 COX15 1.8152987 TMEM192 2.2378176 SULT1A2 2.8819377 NPY6R 1.7895452
NDFIP1 2.33718644 ESYT2 3.8354112 IDI1 2.0641883 PLB1 1.6997386 G3BP2 1.9453365
CYP51A1 2.4879315 TMEM184A 3.3564272 PF4 2.2584435 MFSD3 2.7549183 ECE2 2.1057495
PNLIPRP3 2.55238861 OSBPL7 2.879088 GM2A 3.1388111 LOC1005057301.7863731 THNSL1 2.0239841
GATA4 2.17473562 BCAP31 2.6480411 PPARA 3.0765329 APEH 2.8711839 GLDN 2.8577575
MRPL50 1.65427027 PLCG2 2.1342582 WDR81 2.2172078 RSL24D1 1.4361277 NADK 2.1370059
ST7 2.66957265 BAIAP2 2.3940474 ANXA7 2.6966609 PHLDA1 2.2299817 OR52A1 2.5444546
GPR143 2.15476023 SLC19A2 2.3864104 SLC5A9 2.2401739 VPS26A 2.0707921 HDAC10 2.4456564
IL17C 2.63038871 PDIA4 2.774561 IQGAP1 3.0678825 LGALS3BP 2.3222901 KLKB1 1.9801682
EPB41L1 2.8948322 IRX2 3.3773631 OMG 2.4878021 TNNI2 2.5474873 LOC1002878132.6312302
DTX4 2.87015112 NINJ2 2.4120328 NFS1 2.7874053 SLCO3A1 2.578162 SNAP23 2.000183
PIP5K1B 2.33111144 PITX1 2.8027498 PGLYRP4 2.5820376 TMEM85 2.080605 PLA2G16 3.3236512
STYX 2.35201971 COL4A6 2.5438432 MYBBP1A 1.6890332 SLC16A6 2.3753566 CCDC78 2.4360663
PDK3 2.76930549 BCAS3 3.0737389 PPP2R2C 2.7811959 NEAT1 3.0875415 NAGPA 2.378797
PWWP2B 3.05016271 CHRM3 2.7941059 MYEOV 2.5466948 SYT8 2.875906 HPDL 1.8079116
FBXW5 2.52090033 S100A12 2.687429 OSBPL3 2.3742407 C7orf53 2.8104771 CLCN1 2.6653617
DNAJB12 2.48662959 FUT3 2.6412865 AARS 3.0265148 ETFA 1.7542143 LONP2 2.6773757
MARS2 1.46804316 UFSP1 2.7986527 TLR3 2.6819502 FAM105B 2.6206002 SLC38A6 2.5703149
COQ4 2.71644812 MRPS18A 2.4956254 TSPAN7 1.8400214 ANGEL1 2.2586013 CUTC 1.6500078
DGKQ 3.00223165 NANS 2.2945657 DNAJC16 2.4851752 PAEP 1.5515048 MLPH 3.2428111
C1orf201 2.78151745 CTBS 2.8880488 NDOR1 2.926665 C2orf54 2.7065456 COX4I1 2.486144
BAAT 2.32912381 ZG16B 2.9711369 ZNF597 2.3277605 FRMD8 2.5181927 MPPE1 3.4910305
ERVMER34-1 2.6246864 CREG2 2.6340256 C3orf67 2.5301537 NDUFB4 2.3602947 MORC1 2.3075027
RASEF 3.38699575 PON2 3.0282593 EPS8L1 2.9424162 SGMS2 2.6426337 FASTKD2 1.4202058
HPD 2.14298954 TDRD5 2.6652048 CTNNB1 2.1592292 FAM210A 2.1174688 IL1A 2.1187865
MPP7 2.60935066 NCF2 1.8911874 PDHA2 2.4884568 PDE4D 1.7720946 HOOK2 2.9265261
RASSF3 2.11949223 CLDND2 2.2405976 LOC1001299602.4651048 G3BP1 1.2329039 UGT8 1.8679695
SIK1 2.56914815 TCF7L2 1.6823682 SPATA20 2.9487039 TNFSF15 2.9187587 ADSSL1 3.1538424
AFAP1L2 2.40407351 CSNK1G1 1.8282422 KRT74 2.6206011 LOC1005073621.8701376 RLBP1 2.3775702
ATP6V0A4 2.62021375 PLA1A 2.5036102 CRYGN 2.7652021 SUCLG2 2.3373868 PIK3C2G 1.9941038
LOC1005066862.74906773 IQCE 2.7536401 BCAN 2.299736 LOC729678 2.8722574 C9orf167 2.0962946
HIBADH 3.11897389 GATAD1 2.5709339 TSR1 1.4616174 RGL4 1.8348607 SUPV3L1 1.2257693
GAK 2.81424465 RNLS 2.4902031 TNIP2 2.2984119 IQCH 2.3285438 LHPP 3.2246786
DNAJB1 2.70886035 STX6 1.9676433 FHDC1 3.4804291 PPPDE2 1.890578 PCBD1 2.3678348
TMEM161B 2.26551764 SLC48A1 2.7977463 ABO 2.5768612 IL1RL2 2.0451795 WNT16 1.927094
IL20RB 3.09018984 FOXO1 2.2820171 UBAC1 1.9838877 DAZAP2 2.6622369 TBC1D22A 2.459498
C5orf28 3.29740889 CABYR 3.0335229 TINAGL1 2.134327 RDH12 2.1686017 RER1 2.5595424
GPRC5A 2.8907243 LOC1005068132.8795632 C4orf36 2.2814089 TSPAN10 2.6114336 MUC13 2.1122533
KLK6 2.53817263 SEL1L 2.9766948 OR6W1P 2.2565226 PARP12 3.3210357 CES1P1 2.4459013
ITPKC 3.17673556 H19 2.5047951 CTSZ 2.7184239 PDIA3 2.3247494 SAMD8 1.5183279
PTHLH 3.19153901 FASN 2.4219046 NCOA3 3.1570831 GNPNAT1 1.809069 CMTM6 2.2173521
ACP6 2.86714024 TESK2 3.3501038 TIPIN 1.23376 RGS1 1.8542078 MFN1 2.2299387
LOC1005072973.17036241 LOC143188 2.341206 KLC3 2.6735705 OTUD1 3.0250764 GSDMD 2.98675
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ODF3B 2.86645517 ETS2 2.2746296 SESN3 2.1525473 TDP2 2.2806938 MKNK2 2.4713928
OXSM 1.99249364 ZNRF2 2.8092198 APOD 3.0215485 SPINK7 2.1557922 HSD17B12 1.9756482
TXNDC11 3.06850923 ELOVL1 2.3969345 NOP10 1.1951596 SPATA2 2.1120193 KLK13 1.844127
PLA2G2A 2.05172624 FPGT 2.397551 SLC2A1 2.7987885 CLOCK 2.8104535 SORBS1 2.0589203
MTFP1 1.71851825 ANXA9 2.8076374 PER2 2.8006916 NUDT16P1 1.7354602 POLG 1.9530835
KLHDC4 2.24756871 HTR2B 1.810731 LOC440335 2.402006 FLJ33630 2.1471293 SLC25A27 2.3788989
MAOA 2.24960552 DDX28 2.0897366 KRTAP4-6 1.450566 TMEM52 2.2759534 TSPAN13 3.2055983
EPB41L5 2.43670331 TJP1 2.7561788 CLPB 1.7674741 PLA2G6 2.2195041 DUSP2 1.7708381
TM9SF3 1.94041731 ZNF746 2.3266083 APOH 2.0177916 CNTN1 1.742597 C1orf61 1.6660185
SERPINB6 2.51017058 FAM160A1 2.9030073 AFG3L1P 2.4031295 ADH1A 1.8165701 ZNF609 1.1760818
GCLM 2.73291169 RDH10 3.0453803 TXNL4B 1.920661 SCARB2 2.8734628 PREP 1.8409589
KCTD1 2.86323837 TBRG1 1.8932044 AKAP1 1.9842992 SEC23B 2.027379 WBSCR22 2.6219364
TRAV8-3 2.28861529 CMC2 2.7040722 HRG 2.6563018 ADAM10 2.0360537 WDR24 2.3134757
C9orf152 2.65308379 GOLPH3 3.0910268 OR2F1 2.3757044 NFIA 1.8940969 ZBTB7B 2.9904568
CYP1A1 3.3511286 GATA6 2.492088 LOC150197 1.5513058 RBAK 2.1829614 LOC1005070392.1586631
POLR3E 1.54985773 CDX4 2.6322417 SLAMF7 2.1627352 OR2C3 1.9295429 GABRR1 2.2344828
ALG1 1.73603453 ABHD6 2.344604 IPO4 1.5061157 MAS1 2.2675632 PRMT3 0.9514759
CASP8 2.32679338 SEC16A 2.7303888 ZBTB41 2.6198803 F3 2.5940095 DHRS11 2.2394568
LOC643529 2.62142854 RNF135 2.5805507 SLFN5 2.7739206 RCAN3 2.599294 C20orf151 2.9557274
MOB3C 3.31437227 B3GALNT2 1.9008294 ABCA7 3.2067416 PC 2.4826259 LYPD4 2.8795277
BMPR1B 1.73969731 CASP4 2.5667224 TRABD 2.1333162 UBL3 3.2282582 TBC1D10A 3.2698358
DHRS1 2.97819491 GSTK1 2.9837076 GSTP1 1.9901492 NECAB3 3.1945864 TMEM68 2.3004669
KLK7 2.25931065 SPTSSB 2.894655 EFNA1 2.9217605 NIT2 1.8573144 KIAA1804 1.9528167
HPS3 2.61628079 AFG3L2 1.8132589 KANK1 2.6209828 BTBD16 2.0919391 IRAK4 2.3382571
CLCN7 2.65215584 CYP3A43 1.6900659 ACER3 1.902906 MRPL13 2.2750069 FAM111A 3.1282453
SNCG 2.89537352 NOTCH1 1.9791998 LGR6 2.2215063 PHLPP1 2.0177002 C11orf92 2.0476809
NOL3 3.33872726 PTCRA 2.502675 TSTD1 2.7691783 DCLRE1A 1.334909 UFM1 1.8555763
CD14 2.23114627 SMNDC1 0.7679693 KRTDAP 2.3160282 GIPC2 1.5206206 KIF21A 1.6444017
SQRDL 2.98262703 RPN1 2.2824234 ZNF557 2.4685027 ATF7IP2 2.1427672 ANXA1 2.7573897
ACOT4 2.50537336 DENND2C 2.0059866 TMED6 1.9537225 AP1G1 2.9585446 GRB7 2.7922645
ABHD4 3.12025801 SULT1E1 2.5075166 C10orf46 1.4216068 FGF3 1.9892088 UBXN8 1.3108452
TMEM138 2.53156486 C3orf52 2.4155514 B4GALT1 2.745705 SPATA2L 2.5676926 KIF20B 1.292978
DNAH9 2.84976295 MAGT1 2.3930979 TMEM134 3.6695211 OR2H2 2.0608338 ZNF593 1.6819641
LOC1005074772.76955089 AFAP1-AS1 2.2954288 C6orf106 2.7339897 PKMYT1 2.1252087 MED11 2.6152418
TP53TG1 3.45233707 LIMK2 2.4004451 ACAA1 2.886352 BORA 2.0743544 ARHGEF37 2.876568
LMNA 2.63831307 SPTBN1 1.9606786 C14orf109 2.3377473 SLAMF9 2.426348 ZMYND15 1.7052623
PTPRH 2.16878844 RILP 2.8732514 LOC1005054902.8110004 NR1H3 2.6445964 ARMC7 2.9250215
ZC3HAV1 2.98133977 ELOVL7 2.4465493 P2RY2 2.7470375 RCC2 1.8226703 IMPA2 3.2080379
LOC340037 1.93785816 LOC1002876281.9205476 FGD2 1.8913589 SDCBP 2.4808259 FAAH2 2.5138327
OSBPL2 3.25972078 TMPRSS5 1.648737 SLC24A6 2.3715999 KIAA0664L3 2.2293485 C9orf23 1.8221277
EPHB4 2.49521841 TTLL5 1.8263752 LIAS 1.734506 FITM2 2.4633593 CPS1-IT1 2.3349767
MAP3K11 2.52240274 FLJ39080 2.4943446 GFPT1 2.5334969 SLC7A2 1.4863344 ADAM17 2.2757787
TMEM40 3.18247936 SETD9 1.5275527 ALG10 1.7946086 GCET2 1.7858014 LOC729013 2.7977392
PYROXD2 2.79309598 ARL11 2.6556861 PLXNA1 2.1050843 LOC1005063741.6997289 TM9SF2 3.0442212
MCOLN3 2.33030617 SIAE 2.1914144 MUC7 2.326688 SLMAP 2.3436811 FOXN2 1.1926843
AKAP13 2.48259492 LINC00319 2.8136954 GRPEL1 1.3461803 C4orf32 2.0239017 MYO10 1.9123689
PLOD3 2.28215197 ORC5 1.5543305 NIP7 1.540767 ATP6V1E1 2.4984824 PARP14 2.4114173
ASB2 2.47309867 MRS2 2.4031567 FLJ39051 2.9798621 CLDN12 1.911998 F11 2.0227464
IFIH1 2.88934293 SLC25A40 2.2432464 FAAH 2.6788571 CRELD2 2.8535495 TOP1MT 1.5946416
DUS1L 2.05615833 LOC440173 2.6034495 NUDT18 2.0130514 TMEM194B 2.1296096 LIMD1 2.0564331
AZIN1 2.41314436 PMM2 2.4157755 AVL9 1.7932533 AGFG1 2.4371459 GGCT 2.258193
TMEM214 3.06409555 TFAP2C 3.484685 KCNJ14 2.0444394 RPAP1 0.9701759 DYNC1I1 2.1900099
ERN2 1.80642766 MRPS34 1.803989 TSC22D4 2.3246088 SPINT2 2.7415321 TGFA 2.2305119
GABPB1 1.51802277 FGG 1.6533175 TMEM48 1.1317186 FAM134B 3.0047997 LOC647323 2.0271395
CDH17 1.95225905 IL1RL1 2.3052878 KREMEN2 2.2525627 CUL4A 2.2485657 FMO9P 2.8507599
NOL8 1.55838724 TRIB1 2.5712788 MYOF 3.0286477 LCP1 2.6111852 CYP26A1 2.2991962
MGAT5 2.61829074 TOR3A 2.2979091 FBXW4P1 2.6098069 RICTOR 2.8452146 WIBG 1.9040601
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EIF2A 1.14537046 NUP210 2.0263496 SNORD104 1.7181454 TBC1D7 2.1436245 USP3 1.1574766
GCKR 1.94826381 KCNJ10 2.1518887 TMED7 1.919927 LINC00326 1.992604 TTLL13 1.5697388
ABHD11 2.68540359 LOC1005060982.5376774 AKAP8 1.2332779 EAF2 2.3052198 IGFL2 2.1015648
PLA2G4F 2.52121513 MRPS2 1.1207115 ZNF622 2.0158268 FOXC1 2.2868886 MCMBP 0.4631507
CA8 2.31185933 SCARA5 2.0771696 GPR35 1.6796331 NKX2-8 2.1075738 KRIT1 2.119696
CCDC9 2.09079136 SPP1 2.4854352 PRO1768 1.8046911 CD109 2.7492132 C15orf61 0.9358877
EFNB1 1.93761949 TTTY10 1.9890612 FADD 2.2885062 PRORSD1P 2.17031 LOC146880 2.4557667
PPP1R16A 3.05794909 IMP3 1.0886941 ECT2 1.8341946 DMKN 2.0872362 SPTBN2 2.0191891
COX10 1.59842123 NFXL1 1.8357212 DOK7 2.355356 UNC13D 2.1431089 MAP3K8 2.4373492
EPS8 3.36338353 TFB1M 1.3732972 SMAGP 2.3221295 CCND1 1.7969459 LOC1005072392.8537978
LOC1005074251.9558787 VRK2 2.2458354 ZBTB43 1.8609783 KHNYN 2.2795586 CCDC113 2.9823216
TOR1AIP1 2.14932812 KLHDC7B 2.8872946 ZC3H12A 2.2514588 HIST1H4A 2.2666254 TRIM10 2.1829805
TRIM78P 2.45864445 PRDM1 2.7160195 EIF4A3 1.5154164 ARFIP2 1.6148577 GSG2 1.1701316
PTPLAD1 1.22502838 LYPD6B 2.5166244 C9orf89 2.6226852 FAM84B 2.7621477 MSX2 2.708294
LOC374443 3.09854631 TMTC3 2.3220211 SPINK6 2.1806876 ALPPL2 2.4920616 HEY1 1.7438387
RAD9A 2.73142545 ZNF488 2.7825746 SIGIRR 2.1766351 ARHGEF4 2.1595334 ALOXE3 2.1945146
CLDN23 2.33578627 MB21D1 2.2728191 FAM198B 2.6193053 TRIM11 2.031212 CWF19L1 0.7974386
ACOT11 2.19687719 PARVB 1.8668024 CG030 1.7880898 C14orf21 1.8668055 TRIM25 1.9109154
REEP6 2.79597265 STX3 2.105848 LYST 3.0922747 APRT 2.662756 IFFO2 2.0795185
GMIP 1.75929662 INO80D 2.0834451 SLC38A7 2.1583252 MYO5B 2.5148696 ALDH1A1 2.1338433
ALDH3B1 2.88259351 TMEM164 2.0271142 C4BPA 1.4953296 MATL2963 2.8214267 CCDC58 0.6568784
ACN9 1.3673083 B3GNT7 2.0665183 RPUSD2 0.9789087 SPATA17 2.4757872 NOBOX 2.4671289
TUBGCP5 1.49518472 GALNT1 2.4320086 INSL4 2.3468204 RG9MTD1 1.1660086 COG7 1.9718244
C7orf59 2.13608299 DAPP1 2.5876376 CD38 2.2138241 PI15 2.1986053 CTBP2 1.6708515
KIF6 2.23821878 IREB2 1.3189308 C1orf100 1.6405575 HLA-F 2.7181505 KIAA1530 2.4894718
SHMT1 2.44644782 MAOB 1.8898152 SLC29A2 2.1130289 CARD16 1.9882722 NUDT22 2.7162476
DPP3 2.40114159 SLC35G3 1.3760538 C15orf26 2.5643373 LOC1005055702.0849678 CDK7 1.5594198
GAPVD1 1.80697594 RASSF9 1.4385307 IL8 1.820907 OR8G1 2.3816348 CLIC1 2.0065338
DUSP23 2.45033849 SLC23A2 1.8544446 SLC36A1 2.031399 DHX33 1.3079576 ZADH2 1.6811686
LOC286370 2.17890799 CIDEB 2.3525118 DAAM2 2.2824389 PRB1 2.0890105 PIGX 2.2244081
GK5 2.41853931 TLK1 2.1369405 BLCAP 2.4253725 SCO2 2.272869 CAST 2.2742442
MMRN2 1.87514969 ITGB7 1.7857845 FAM160A2 1.5446091 SLCO1C1 1.3196805 POLR2F 1.6981263
C16orf46 2.35177781 GSTCD 1.6009559 PGAP2 2.0359007 C10orf12 1.5030394 NBR2 2.1110256
C15orf40 1.60400742 GIMAP8 1.604254 RPRD1B 1.9389725 PET117 1.1948229 PITPNM1 2.6753282
CYP2C18 2.11746244 KHDC1L 2.72336 SLC13A3 2.6617886 KIF23 1.6248577 ZFP36L2 2.241303
CNDP1 2.07295 FASTKD5 0.9308472 LRP11 2.8515112 TNK2 2.1879264 FBXO22 1.1595737
DENND4A 1.04219545 TRUB2 1.903058 OR10A3 1.9962457 ORMDL2 2.458675 LINC00485 2.1842764
OFCC1 2.61917707 SLC6A8 2.246939 MR1 2.6190667 CAPG 2.6055079 CCDC68 2.1679588
G6PC2 2.20498488 KHK 1.746063 PTGS2 2.5896757 HLA-F-AS1 1.8807919 SPAG5-AS1 2.3685951
CALB2 2.15439987 TIGD4 2.1775994 C17orf82 1.9892087 AUH 1.8959023 RHBDD2 2.380017
DHDH 2.35333317 ACSL1 2.6332369 USP6NL 1.674237 TCTE1 1.688676 PRR15L 2.5079479
DNAJC10 2.36639269 SFT2D2 2.2217723 DHFRL1 1.6021652 ADCK2 2.4048024 CPT2 1.9331795
RARG 2.49840052 RAB11A 1.4696092 COBLL1 2.635925 TTC39A 2.5221853 NLRX1 2.3926669
MYL12B 2.57690783 C6orf228 1.7891118 NDUFB9 2.0577716 C14orf79 2.8127899 ORAI1 1.9275186
SLC52A2 2.90453488 SNORA72 1.6138678 ANKRD13D 2.8755778 LINC00494 1.7359169 LOC1002894951.4177816
HFE 2.96350573 MYD88 2.446896 GMPPB 2.5860345 RBP4 1.5988667 PNKD 1.9230556
GSTO1 1.00930053 LOC1005057501.8778604 TDRD3 1.5158933 PIGH 1.8091006 HAS3 2.456705
HNF4A 2.21963357 FYCO1 2.8499945 MS4A6A 2.0821739 KRTAP4-2 2.2991008 DKK1 2.2416052
CCL28 2.58212335 CCNDBP1 1.9256065 PGBD4 2.0632957 DHRS3 2.6438603 HPSE2 2.1221738
STAG3L4 2.51676789 ETV3 1.9054983 CENPN 2.4211083 DEFB127 1.828719 ITPRIPL2 2.4520276
LOC1005063482.06156955 SHPK 1.7321663 CCNL1 1.7680724 CIDEC 1.8543032 FAM178B 2.5711326
SMG7 1.98124286 DAAM1 2.924514 METRN 2.5530033 LOC1005056161.4625228 TGM3 1.6593768
SLC46A1 2.90201701 ESCO1 2.2630989 RPL22L1 0.8347827 BECN1 1.9792858 C12orf60 2.0915135
C10orf118 2.59387974 LINC00032 1.1815166 TRAV9-2 2.5468908 ATP6V0C 2.3413883 PLXNC1 1.8470023
PPP6R3 2.21227725 NUFIP2 1.9963475 RPUSD1 1.6275128 DPY19L4 2.5896045 KRT36 1.4796356
LDLR 1.61702742 KIAA1430 0.960725 TTC19 2.3856273 HES5 2.4202428 NSUN2 1.7699693
COQ10B 2.54017661 LY9 2.3126972 UCHL5 1.1493247 SPRY3 1.9876708 CTSL1 2.164766
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FAT1 2.25895983 MBNL3 2.042247 LOC1001301001.7365939 CROT 2.621704 CLEC12A 1.8360642
LOC1001308551.94176544 WASL 2.2985449 RSPH6A 1.9574629 GALE 2.020347 STK35 1.0938975
ZNF224 2.76608869 C13orf44-AS1 2.4115161 LOC148145 2.3265178 PIGO 2.1321431 ART3 1.9967116
NSUN5P1 2.16480848 GFER 1.8826029 HSPA1A 2.7838287 DPP8 1.6952506 OBFC1 1.7180003
NCLN 1.63989146 CTSL2 2.2702857 PART1 1.9914793 FAM189A2 2.3239635 TTC39B 1.6468565
SEMA4A 2.89370183 TTTY5 1.8921437 TRIM26 2.7876109 CA14 1.3003015 ZNF385A 2.6883594
PELI3 2.47756851 CDC42SE2 1.8113774 S100A13 1.6719338 TMEM184B 3.2002271 HPS6 1.1366841
NCK1 1.96202769 WDR66 1.808231 LOC284454 2.500638 TFCP2L1 2.4927689 DQX1 2.1510199
TMEM93 1.96153 CHORDC1 0.9964859 MUC20 2.1402434 SUDS3 1.9515288 EIF4G1 1.7225613
CST8 1.79999047 OSTBETA 1.655536 IRF3 2.5406321 DANCR 1.2743337 ZC3H13 1.6014505
PIGV 2.83768642 CD96 2.2516642 CADPS2 2.3525404 WDR34 2.3297145 IL36A 2.4502997
TAB3 2.28707174 GPATCH2 2.2519843 API5 1.3766798 MFF 1.8019125 GALR2 1.7577201
PVRIG 1.9971803 TTF2 1.6670751 SPIRE2 2.2970536 SERPINB9 1.2571696 SPRR2G 1.9055181
LOC284632 1.39499886 HAUS4 1.8016945 LOC339685 1.7878196 SIDT1 2.9782289 NBN 1.7938971
LILRB4 2.26392356 ERP44 1.8633266 COX6C 1.8440981 HIST1H2AL 2.4166085 ZDHHC9 2.2344232
FASLG 1.91247212 LOC1005073782.8043485 HIST1H3C 1.3290344 LOC100506201 1.520299 LOC113230 2.173607
ADH4 1.63702766 ESCO2 1.1503375 MRPS26 0.8942589 FAM169A 1.2312293 ANKRD39 1.7606073
TREML4 1.89680791 PDHX 1.6092371 CD2AP 2.2981974 KCNK6 1.8262571 NAAA 1.9233742
GOLT1A 1.91803115 CLEC2L 2.1932152 NDUFAF1 1.3413985 RHBDF2 1.6793867 FOSL1 1.7942438
LOC1001303571.71924654 TSNARE1 1.1166318 SLC10A1 1.4168866 FGB 1.1699232 CXCL14 2.1631799
MAPKBP1 1.36326514 TEX13A 2.004055 FAM89A 1.5755386 VPS13C 2.335929 SLC4A1 2.0457491
ETV5 1.27022822 ICOS 2.3467569 DNPEP 1.8849761 PRR7 1.6418968 LOC643650 2.0484442
GOLGA7B 2.21248854 ANKH 1.828265 SUCLA2 1.7850311 ADAM28 1.8892277 MMGT1 1.4892511
WIPF2 2.20467253 PRDX3 0.9348256 EML3 1.9511272 SLC10A7 2.2869345 U2SURP 0.9046017
COX7B 1.12453837 KLHL31 2.4382399 CBR3 2.3171464 TRIM38 2.2946124 TBL2 2.5726484
EHD4 1.95096284 LOC1005054842.0279244 CXCL1 1.2709729 LINC00488 2.050064 MUC16 1.9307352
SOX2 2.6624729 ADORA3 2.1418589 MAP3K9 1.8609566 C2orf15 2.2988348 SSU72 1.9342594
LOC151658 1.42191445 RYR1 1.9962476 TRIM14 1.8537396 LYZ 1.6530058 PIF1 1.1579183
SETD6 1.82991909 TMCO7 1.6584139 AXIN1 1.7622839 EN2 1.8193395 MRPS22 0.9801295
NDE1 2.53785954 HMGCS1 1.8688839 BTAF1 1.3539187 KRT77 2.0461391 NCCRP1 2.1395247
CPT1A 2.3092531 TFF2 1.2585475 CHD1 0.8155482 FGF4 1.4003226 HLA-C 2.7872762
FLJ26850 2.14517667 MTCP1 1.966596 LINC00467 2.4281914 ALDH1L1 2.0785352 MAVS 1.4688517
MPZ 2.18343534 ZMPSTE24 2.3009122 SDC1 2.5175859 NOTUM 1.9963817 TMEM92 1.3156234
ORAOV1 2.06981588 MRPL16 1.3979647 RABL3 1.7737206 YTHDC2 1.4849844 LONRF1 1.3286023
RAB27B 2.90228406 TAAR3 1.9224084 RTF1 1.1185672 EIF2B5 1.6195054 DHX58 2.1960599
HSD11B2 2.47876192 CARD11 1.6233635 PHF19 2.0206252 FBXO7 2.1516063 PGBD2 1.9263399
CYC1 2.11312116 COQ3 1.3283925 NOXA1 2.7219675 NME3 2.6836518 ABCB6 2.4104039
LOC1001317332.58846073 JMJD8 2.5761376 ABCC10 2.4612718 CDAN1 1.7040743 C1orf180 1.4329947
NDUFAB1 1.0028595 RHBDF1 2.8807552 ANKRD10 2.2196978 MC1R 2.2272881 P2RY13 1.3917374
SPTSSA 2.47459304 CYB5D1 1.7090042 ASS1 1.8681844 MKRN1 2.4598929 STEAP1 2.0964685
AGR3 2.19512391 WNT7B 2.8880046 SH3GL1P2 2.1241623 TTPA 1.4767471 STK3 2.532103
PYY 2.23818047 SPACA4 2.1591229 TMEM135 1.5993382 TMEM107 2.0916106 GPR21 2.0081037
TMED2 1.95498367 CORO1B 2.6734047 CATSPER3 1.9561205 PTEN 1.192178 BLOC1S3 2.3196688
LAMA5 2.45869666 LOC1005072402.6087918 ZNF628 1.6791999 MOGS 2.163814 CHRNA5 0.6187216
ABCC5 2.03386257 CHD7 1.7409246 MIA2 1.7073002 C15orf34 1.988013 OAT 1.7684075
RIPK3 1.89116297 GOLGA2P5 2.6170542 C11orf35 2.0710899 MRPS28 1.6807972 FDFT1 1.4283544
RPUSD3 1.65795004 LYAR 0.9768849 LOC283038 1.6636022 SERINC2 2.022099 ABHD15 1.7974567
PUS1 1.00367333 ICAM3 2.2525141 NELF 1.7459868 TUBA8 2.2707499 CDC6 1.3286104
A2M 2.16270951 IMPACT 1.3859772 ZCCHC9 1.5983632 MEF2A 1.3435927 HRH2 1.5483707
CAMSAP3 2.52008693 NOP16 0.6737474 CD5L 2.2062374 MTX2 1.4276228 UBR1 1.2238122
SERPINA3 2.20564719 TFR2 1.684737 ATP6V1H 2.21512 ACSS1 1.9193991 DAK 1.9238696
CLDN20 1.70021146 CABIN1 2.4432326 ITSN2 2.067684 SDR42E1 1.9872311 RTEL1 1.9067938
CBX7 2.99782846 AMFR 2.3851413 PMFBP1 1.8316115 SERPINB2 1.5249003 TMEM223 2.0438844
CNPY2 2.18529831 NACC2 2.3665733 EMP1 2.1425575 LOC1005057921.4635493 PLS3 1.9163131
SNORA68 0.64499529 TUFM 0.8968425 SHC4 1.837972 ZBTB25 1.4350919 STEAP4 2.3589349
PEX11G 3.11530016 CLEC4C 1.1376258 LOC1005064841.9878804 CLEC2B 2.0074928 IKZF5 0.451451
OR1J4 1.84019456 VAC14 2.4128993 TMEM51 1.6368557 ALDH3B2 2.8473478 BTK 1.8431662
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LNX1 2.48123749 SLC25A25 1.0451388 ADARB2-AS1 1.4839885 CTSC 1.5871248 CCL22 2.3574261
TTYH2 1.31994392 LOC388882 1.6609355 DRD5 1.8052733 LOC1005058801.7953811 ERI2 1.4631991
LOC1002886371.60759846 IFI35 2.2247902 MYO1B 1.9449178 SH2D2A 0.8247621 SP100 1.9545059
SLCO2B1 1.77774529 ANXA4 2.2075406 TRAP1 0.7578044 ACSS2 2.0140982 CELSR2 2.0270468
ZNF641 2.48251618 RXRG 1.8297302 LOC440131 1.8732762 LOC619207 2.25003 HEXIM1 1.8266474
LYVE1 2.33853057 MMP17 2.175974 ACAP1 1.9131836 HOXA1 1.9574572 SLC25A26 1.5462253
CALML5 2.6522139 HECTD1 1.6943863 GAL 1.296747 DBI 1.7129767 LOC1005074791.4654544
AKAP10 2.02719423 RSPH1 1.855569 GSTA3 1.7441431 MSMO1 1.5554451 ABCA2 2.2444494
TEKT5 2.15401884 C2orf29 1.6513802 GEMIN4 1.0966147 SEC23IP 0.8265496 LOC1002165451.7859833
MYH4 1.86375687 DFFB 0.7441088 MRPL19 0.8399265 RPS6KB2 2.4234562 MRPS11 1.3845032
GNPDA1 0.78350725 COQ6 2.0648427 FMO4 2.0481824 LRFN4 1.1262636 REG3G 1.5877006
UBE2M 1.65733533 ALDH16A1 1.9503982 EFR3A 2.7472426 HEXA 1.676286 EGFL7 2.3666131
LY6E 2.2132195 TRMU 1.7054714 ZNF710 1.4003511 DYNC2LI1 1.7740366 IL17RA 1.9088718
LOC1005059121.29070963 PLEKHA5 2.0078669 SIM2 1.97773 PKM2 1.4572175 POLR1C 1.0998593
BCL2L14 1.64931469 HRH4 1.6344424 LOC1005068171.6391023 WDR65 2.0728114 TONSL 1.8890627
ST6GAL1 1.26850048 TGFBR3 1.7341248 TMEM79 2.4991095 TARBP1 1.7290864 CPEB2 2.2957166
ZFPM1 2.43698575 HK2 1.3535297 KIF3B 2.4246074 PLEKHN1 2.3414508 OAZ3 2.6764792
EPHB6 2.21106022 MYOT 1.1286705 ATP5D 1.3371709 PHF11 2.6507894 METAP1 0.9304685
HERC6 2.13655211 DDB2 1.7764323 CYP2A7 1.5410598 VRTN 2.1797781 RIBC2 2.1212271
NMU 1.8151231 ZNHIT2 1.834456 EBAG9 2.3445314 VIL1 1.5202937 FAM175B 0.6855485
LOC1005065992.02510187 BMP4 1.703629 NKD1 1.4941088 PDE1B 2.3392449 BCL2L2 1.9917304
TMBIM4 2.67607757 P2RX5 1.2430684 ST3GAL1 2.1829317 C1orf55 1.0602809 BRMS1 1.8729914
CGN 2.12479431 FUT10 0.7956124 ZNF169 1.3889027 NR1D1 1.8625102 SMC1B 1.4198683
LRRC57 1.7208563 PLD2 2.1425289 ACOT13 2.6016534 CLDN18 1.3709844 OR2L1P 1.8261941
RPL4 0.45087408 GPR55 2.1870839 PLK3 0.8791472 VPS53 1.8696215 ANG 1.9579763
AXIN2 1.69473246 FSCN2 1.6792254 HMHA1 2.0241884 TROAP 1.682893 FBXL6 1.9213421
FAM173A 1.75036658 ADAMTS17 1.0051198 PSMD12 1.0571312 LCP2 1.6568603 SFTPC 2.1480195
PCTP 1.77628865 C3orf56 1.6078687 HIST1H2BH 2.4971526 SLC35D1 2.0159231 FUCA1 2.5859851
RFWD3 1.65135999 SAMD12 2.0385531 TNFRSF10B 1.3456815 TM4SF20 1.5453289 TMEM182 1.9477352
SEPW1 2.75440874 EGF 3.0550207 PREB 1.8661833 TTC9 2.4057322 ASB4 1.5057873
NTN5 2.21796492 HSPA2 1.9845569 MST1P9 1.408072 COMT 2.3335456 BTN3A2 1.730116
HCG9 1.94082853 ZBTB7C 1.9995281 SFR1 0.8436758 PPP1R35 2.1902203 PLEKHA7 2.2792866
TPRN 1.71217597 PPP1R14C 2.0618582 AMDHD1 2.0294442 SEPSECS 1.1528706 MCCC1 2.2562189
GSTT1 1.83670705 GRIN2D 1.7700814 GPRIN2 1.8598164 ADCY1 2.0120581 KCNE3 1.7200427
ANK3 2.13214678 SPATA12 1.9876036 BCL2L12 1.9047582 C2CD4A 2.1687322 LOC1001297162.0029265
ASCC1 1.7982272 FBXO45 0.9015477 C9orf142 2.0670987 PSMD11 1.4899287 OLR1 2.5135692
ANXA2 2.07224333 TRAF7 1.707549 FAM100A 1.5916382 BRAF 1.8609891 SNORA61 1.4715881
LOC157273 1.34526517 LACTB2 1.7528908 C10orf58 1.896369 TRIM65 0.9178901 SLC35A3 2.2033103
GPR108 2.801725 C14orf102 1.6486444 CCL16 1.468868 STK31 1.9477755 NPAS1 1.8873096
NMI 2.13458407 TAS2R4 1.7827578 SURF6 1.2388113 WDR31 2.8811307 PCYOX1 2.6728511
GUCY2F 1.4600125 MBL2 1.3215975 PRSS1 1.1645772 BDKRB2 1.600407 RUNDC1 2.1593316
FAM99B 2.35434943 ACY3 1.4082302 FLJ43663 2.3683161 CHAMP1 1.5293709 IL28A 1.2997046
LOC1005062452.00388191 NPPC 1.2204259 RAB3D 1.9778742 OR51I2 1.5905456 PLEKHH2 1.8268782
FCER1G 1.14187621 ATG4D 1.0634357 ZMYND19 1.4417628 SMUG1 1.731338 LARP1B 1.1416301
LIPA 2.03388772 CXCR6 1.6651202 HOXB7 2.266824 SRPR 1.8822581 S100A16 2.1331608
SLC25A1 2.34265013 FAM20B 1.6841461 UCN3 1.234344 LAMA3 2.0955242 THAP6 2.2237298
TMEM165 2.72303294 SMCR7L 1.1546416 JKAMP 2.1131273 STX19 2.2630974 CD37 1.4426396
ENTPD7 1.38368925 SLAMF1 1.6798322 ERP29 2.0094326 MET 2.2069945 PAX3 1.5185756
NPC1 2.02537644 TMEM39A 1.9359693 PP7080 2.6602534 SERPINF2 1.9913121 ZNF706 1.357722
RPS6KA3 1.26978505 PCK2 1.857931 ARPC5L 1.7687272 TMEM67 2.3351451 CDK18 1.4554785
HTR3B 1.73850005 PDXDC1 2.4241028 FGFR1OP 1.4935821 PEX1 1.9905817 VPS18 1.7093649
TMEM225 2.25581844 C17orf76-AS1 1.8091512 ERBB2 2.5898127 ATG3 1.4712338 MUCL1 2.3398838
SELP 1.42595646 HIST1H2BB 1.9374371 LOC1005056332.0670475 DENND1B 2.4369371 PIK3AP1 0.6711707
LIME1 1.87891168 TLR1 2.1783447 ERVFRD-1 1.6645112 LOC1005058011.8267679 SNHG12 1.3910361
ARHGAP5-AS1.99708546 ANKRD11 1.9738519 LARP4B 1.1277081 KLF15 1.1575079 RAD51D 1.219986
HOXA13 2.00551315 PTRH1 1.7980313 ABTB1 1.9985266 HSP90B1 1.6691373 IL18R1 1.3963364
SNX14 1.92005689 PIGY 1.8788119 APOA1BP 1.6587095 TMEM181 1.4725049 SPERT 1.8792832
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CDYL 1.82199148 CCND1 1.7969459 EPHB3 1.7702651 BMPR1B 1.7396973 CCDC159 1.7151186
DYNLRB2 1.82095775 FBXO4 1.7964289 SLC25A13 1.7702368 CRIPAK 1.7396031 DBI 1.7129767
IL8 1.82090697 LOC1005058801.7953811 GRIN2D 1.7700814 HTR3B 1.7385001 TPRN 1.712176
MRPS16 1.82039053 SGMS1 1.7950239 POLR2K 1.7699901 C14orf101 1.7371463 DDX59 1.7112154
TEX264 1.82004775 ALG10 1.7946086 NSUN2 1.7699693 SNTB2 1.7371413 SCAND2 1.7109618
EN2 1.81933949 FOSL1 1.7942438 PARP10 1.7697671 LOC1001301001.7365939 VPS18 1.7093649
TMEM106A 1.81682994 NBN 1.7938971 ATP6V0D1 1.7695658 CD82 1.7365713 CYB5D1 1.7090042
ADH1A 1.81657006 FAM174A 1.7937736 ALG6 1.7694018 DACT2 1.7360788 HERPUD1 1.7078608
ZNF503-AS1 1.81600888 ANKRD30B 1.7934054 ASCC2 1.7688267 ALG1 1.7360345 PTDSS1 1.7075909
SLC22A12 1.81592635 AVL9 1.7932533 ARPC5L 1.7687272 LINC00494 1.7359169 TRAF7 1.707549
OSBPL1A 1.81534724 FIS1 1.7930747 OAT 1.7684075 NUDT16P1 1.7354602 MIA2 1.7073002
COX15 1.81529866 CCDC61 1.790995 ITCH 1.7681891 GPR15 1.734981 TNFSF9 1.7063321
MTIF3 1.81523125 GABARAPL3 1.7903653 SLC34A1 1.7681796 KRT7 1.7349346 TRMU 1.7054714
NMU 1.8151231 NPY6R 1.7895452 TMEM140 1.7681583 LIAS 1.734506 ZMYND15 1.7052623
PAQR4 1.81479107 C6orf228 1.7891118 CCNL1 1.7680724 SPG20OS 1.7343355 MSI2 1.7052199
AFG3L2 1.81325888 LEO1 1.7888548 FOXRED2 1.7678005 TGFBR3 1.7341248 KRT1 1.7048727
SH3GLB2 1.81232882 SMEK2 1.7884564 CLPB 1.7674741 C19orf10 1.7339 ADRM1 1.704842
KCNA7 1.81204668 CG030 1.7880898 SELENBP1 1.7669009 JARID2 1.733199 TMEM55B 1.7041113
CHIA 1.81195729 LOC339685 1.7878196 ABCA13 1.7650003 SHPK 1.7321663 CDAN1 1.7040743
TRPM4 1.81179585 LOC1005057301.7863731 AXIN1 1.7622839 SMUG1 1.731338 SEC14L4 1.7038537
RNF103 1.81152125 TACR1 1.7862977 C11orf21 1.7608988 CYP1B1 1.7311116 BMP4 1.703629
CDC42SE2 1.81137743 LCE3D 1.7861836 ANKRD39 1.7606073 TMEM127 1.7308602 SP5 1.7032573
HTR2B 1.81073098 LOC1002165451.7859833 IDUA 1.7605062 BTN3A2 1.730116 CCDC48 1.702995
FBXL17 1.81064611 SLC2A11 1.7858592 PEX10 1.7595441 NDUFS8 1.7293411 LOC339666 1.7025833
A4GALT 1.81035705 GCET2 1.7858014 GMIP 1.7592966 VWA1 1.7291608 FGF6 1.7019969
USP40 1.81022629 ITGB7 1.7857845 NOB1 1.7589495 TARBP1 1.7290864 GORASP1 1.7017559
PGAP3 1.80991699 ALPP 1.7856891 COL4A5 1.7585605 LOC645249 1.7288365 KCTD5 1.7016056
C17orf76-AS11.80915121 BPIFA2 1.7855283 GALR2 1.7577201 TAOK3 1.7288279 CCL21 1.7013236
PIGH 1.8091006 SUCLA2 1.7850311 CNGA1 1.7568777 RORC 1.727999 ETHE1 1.701251
GNPNAT1 1.80906903 JDP2 1.783965 GCHFR 1.7564602 AGXT2L2 1.7274472 ZDHHC3 1.7007106
WDR66 1.80823101 FBXO2 1.7828651 ZPBP2 1.7550626 GABRP 1.7255575 CLDN20 1.7002115
HPDL 1.8079116 TAS2R4 1.7827578 ZNF283 1.7550614 PHKG2 1.7245358 PLB1 1.6997386
THRB 1.80777033 MTSS1L 1.7823352 ETFA 1.7542143 NDRG1 1.7233081 LOC1005063741.6997289
GDE1 1.80707358 FBXO16 1.7817292 DNAJB8-AS1 1.7535778 APOL3 1.7231138 GPR107 1.6992267
GAPVD1 1.80697594 LEKR1 1.7801974 DERL1 1.7530447 EIF4G1 1.7225613 DERL3 1.6990726
DYNLT3 1.80691352 LOC441009 1.7795886 LACTB2 1.7528908 RGL3 1.7220134 PKD1L2 1.6982928
ERN2 1.80642766 ATP11A 1.7789027 LOC1006529651.7525803 LOC1005067581.7217191 POLR2F 1.6981263
RAB1A 1.8064085 TNFAIP2 1.7785515 LAIR1 1.7514443 CCR8 1.7214925 IL4R 1.6969657
DRD5 1.80527326 PRLH 1.7782525 FAM173A 1.7503666 SLURP1 1.7214533 FBP1 1.6961421
PRO1768 1.80469107 SLCO2B1 1.7777453 LOC126536 1.7478251 MYO6 1.7211701 TEX2 1.6960841
MRPS34 1.80398898 UBAC2 1.7771862 SUMF1 1.7472033 LRRC57 1.7208563 ADRA2B 1.6958452
LOC1005074951.80352961 MDGA2 1.7769309 IFITM10 1.7464592 KCNE3 1.7200427 DPP8 1.6952506
DECR1 1.80251335 DDB2 1.7764323 C1orf115 1.7463864 TRIM2 1.7197192 AXIN2 1.6947325
TIGD2 1.80248032 C12orf56 1.7763035 KHK 1.746063 DDT 1.7196207 CYP4X1 1.6946366
MAGEA1 1.80234126 PCTP 1.7762887 NELF 1.7459868 LOC1001303571.7192465 HECTD1 1.6943863
LILRB5 1.80219967 GLTP 1.7761318 GPR160 1.7453723 RRBP1 1.7187846 TRIM66 1.6934347
MFF 1.80191254 UGT2B15 1.7751263 RNF217 1.7447924 MTFP1 1.7185183 ALDOA 1.6924911
HAUS4 1.80169446 HIPK3 1.7749706 ENKUR 1.7445888 CELA2A 1.7185156 CYP3A43 1.6900659
ATP9A 1.8014897 RNFT1 1.7748548 RFTN2 1.7445666 CMYA5 1.7182459 MYBBP1A 1.6890332
F12 1.80057485 DYNC2LI1 1.7740366 IFI16 1.7444872 SNORD104 1.7181454 TCTE1 1.688676
CHRNE 1.80054974 RABL3 1.7737206 GSTA3 1.7441431 OBFC1 1.7180003 LOC93622 1.6870915
CST8 1.79999047 CARD18 1.7731381 HEY1 1.7438387 ECM2 1.7176704 S100A4 1.6865003
CRIP1 1.7988714 SAMD10 1.7725653 RPE 1.7435561 KIAA1244 1.7170741 CSTL1 1.686471
ASCC1 1.7982272 PDE4D 1.7720946 CSDA 1.7432 LOC1001318251.7170361 MPHOSPH6 1.6861866
PTRH1 1.79803129 GCC1 1.7718659 CLDN1 1.7428829 LOC1005076421.7161952 ACSM1 1.6860848
XPO4 1.79789053 DUSP2 1.7708381 CNTN1 1.742597 NMRAL1 1.7161882 XCL1 1.6857347
COG3 1.79769299 USO1 1.7706138 CHD7 1.7409246 TAPBP 1.7159207 C12orf33 1.6850891




Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
E2F8 1.68456374 MBD4 1.6672404 FGFBP2 1.6512513 PON1 1.6314035 OIT3 1.6056368
FAM20B 1.6841461 TTF2 1.6670751 CD97 1.6512501 HLA-J 1.6303092 C19orf57 1.6049007
XGPY2 1.68410372 LGI3 1.6669735 TMPRSS2 1.6512231 0 1.6299724 GIMAP8 1.604254
KRT10 1.68398897 ARF6 1.6667329 LOC339568 1.6511883 RAD51B 1.6299304 REG3A 1.6041346
C8orf82 1.6831046 GNG7 1.6666339 HEY2 1.651038 C1orf129 1.629713 C15orf40 1.6040074
GALNTL4 1.68306571 SKIL 1.6666243 C14orf129 1.6503391 ANXA2P2 1.6293002 ANKRD23 1.6039413
PWRN1 1.68304533 METTL19 1.6663382 PPARGC1A 1.650168 TJP2 1.6290017 FASTKD1 1.6033924
TROAP 1.68289298 C1orf61 1.6660185 CUTC 1.6500078 RPUSD1 1.6275128 SPACA3 1.6032547
OR2F2 1.68272175 TNFSF13B 1.6652567 BCL2L14 1.6493147 NAGLU 1.6273362 DHFRL1 1.6021652
TCF7L2 1.68236819 CXCR6 1.6651202 TMPRSS5 1.648737 HLA-A 1.6267998 RASGEF1A 1.6016475
ZNF593 1.68196414 LOC729506 1.6645708 C14orf102 1.6486444 SURF1 1.6265778 ZC3H13 1.6014505
NEK4 1.68157409 ERVFRD-1 1.6645112 RPL13AP17 1.6485923 PEX26 1.6260209 GSTCD 1.6009559
HEMGN 1.68149275 CLN3 1.664114 FOSB 1.6479963 FLJ30679 1.6249287 PLXNB2 1.6007541
PFKFB1 1.6813681 NOD2 1.6639635 LOC1006528611.6474388 KIF23 1.6248577 TSSK2 1.6004519
ZADH2 1.68116857 ARHGAP30 1.6636974 SYT12 1.6473957 IFNA6 1.6247662 BDKRB2 1.600407
AQP6 1.68084281 FOXF2 1.6636722 WWC3 1.647171 STXBP6 1.6246139 MYO5A 1.6000105
MRPS28 1.68079721 LOC1005057681.6636268 SPINK1 1.6469279 IL25 1.623688 P4HB 1.5999385
SLAMF1 1.6798322 LOC283038 1.6636022 TTC39B 1.6468565 SLC35B2 1.6235276 TMEM135 1.5993382
ANAPC2 1.67973574 CPEB3 1.6631533 PRKG2 1.64622 CARD11 1.6233635 RBP4 1.5988667
CASZ1 1.67968357 CEP85 1.6627804 LOC219347 1.6459309 TIMP3 1.6225497 ZFY 1.5987615
CSF2RA 1.67966456 ARHGAP26 1.6621428 ATP2A2 1.6450204 ZBTB11 1.6222824 COX10 1.5984212
GPR35 1.6796331 PLEC 1.6618238 KIF21A 1.6444017 PACSIN1 1.6209249 ZCCHC9 1.5983632
LOC648987 1.67946815 ZNRF4 1.6613689 ZNF524 1.6440742 PM20D1 1.6207987 TEKT3 1.597733
ATG14 1.6793926 MX1 1.6610963 LRCH4 1.6440371 RAB26 1.6207981 MICALL1 1.5961148
RHBDF2 1.67938666 LOC388882 1.6609355 PPP1R12B 1.6436454 COX4NB 1.6206289 DHRS13 1.5958313
GUCA1B 1.67928596 EEF1D 1.6608248 LOC1005061541.6428735 EIF2B5 1.6195054 PRF1 1.5956623
FSCN2 1.67922538 SLC25A16 1.6597172 TNFAIP8 1.642828 DIS3L 1.6191218 KLHL2 1.5956578
ZNF628 1.67919986 TDRD6 1.6594151 LIPF 1.6425946 LOC100507675 1.61901 FAM204A 1.5951116
PLXNB1 1.67877583 TGM3 1.6593768 PRR7 1.6418968 ATPAF2 1.6182705 ESR1 1.5947712
RPN2 1.67819321 HERC3 1.6589582 ODAM 1.6418191 LDLR 1.6170274 TOP1MT 1.5946416
RASSF7 1.67814083 ALDH5A1 1.6588841 DEPDC5 1.6415876 C6orf130 1.6169729 ACSBG1 1.5946153
CD63 1.67791897 APOA1BP 1.6587095 MMEL1 1.6415777 RHPN1 1.6165802 VCPIP1 1.5944544
CYP2B7P1 1.6770944 CLEC10A 1.6585709 E2F4 1.6409756 EREG 1.6158474 KRT9 1.5939248
LOC1005059471.67702176 TMCO7 1.6584139 C1orf100 1.6405575 ARFIP2 1.6148577 ATP2A3 1.5924124
HEXA 1.676286 RPUSD3 1.65795 NCLN 1.6398915 SNORA72 1.6138678 FAM100A 1.5916382
TXNDC2 1.67618098 GBP4 1.6578635 UBXN11 1.6398473 TRAK1 1.6136428 SDC4 1.5916287
UNKL 1.6753951 ZFP57 1.6573648 VAV1 1.6398263 LOC283688 1.6136101 C4orf19 1.5912105
CDC16 1.67450459 UBE2M 1.6573353 LOC400620 1.6396318 C11orf86 1.6134888 MZB1 1.5909825
NFATC2 1.67445226 TM7SF2 1.657082 LOC1005068171.6391023 PAN3 1.6130491 PLIN4 1.5909615
C6orf25 1.6744474 KCTD15 1.6570617 MMP25 1.6386609 LOC1006528431.6129977 VSIG2 1.5906716
USP6NL 1.67423704 LCP2 1.6568603 LOC728012 1.6386031 CCDC127 1.6129261 NUBPL 1.5906055
CCDC24 1.67406905 STUB1 1.6563453 C1orf126 1.6379934 NFAT5 1.6127858 OR51I2 1.5905456
DERL2 1.67310194 OSTBETA 1.655536 PIWIL1 1.6378141 CDH26 1.612379 FAM13A-AS1 1.5903643
S100A13 1.67193383 SORT1 1.6552184 SERP1 1.6376453 C14orf1 1.6123102 SGSM3 1.5903228
IGLV4-3 1.67124688 ZNF770 1.6552031 ADH4 1.6370277 SLC39A8 1.6120429 RECQL4 1.5901872
LSAMP-AS3 1.67100837 IL36RN 1.654995 BCL2L11 1.6369809 C1orf170 1.611544 RSG1 1.5901263
FBXO40 1.67091398 FSIP2 1.6547479 TMEM51 1.6368557 TRAV21 1.6108386 MTM1 1.5893506
CTBP2 1.67085152 RNF139 1.6546883 CAPN11 1.6367943 VAV2 1.6094841 MID2 1.5886016
VTI1B 1.67002521 RNASE1 1.6543054 BPIFB1 1.6367709 PDHX 1.6092371 FOLH1 1.5883428
SYNDIG1L 1.6698991 MRPL50 1.6542703 DYNC1LI2 1.6347393 PLAC4 1.6091619 LOC255130 1.588137
LRRCC1 1.66988635 FGG 1.6533175 ATXN1 1.6345205 PNPLA5 1.6087394 TEAD3 1.5877994
MAP3K1 1.66963656 LYZ 1.6530058 HRH4 1.6344424 C3orf56 1.6078687 REG3G 1.5877006
HSP90B1 1.66913728 SRA1 1.6526309 LOC149086 1.6338554 GAD1 1.6078095 CTSC 1.5871248
TTC12 1.66849828 LYNX1 1.6516419 NEK8 1.6336893 LOC1002886371.6075985 C4orf17 1.5868753
MSMB 1.66843219 KIAA1609 1.6516237 CLEC4D 1.6336607 C12orf37 1.607471 HIST1H1A 1.5866191
YWHAB 1.66813757 C2orf29 1.6513802 BTC 1.6329612 C2orf73 1.6070708 LOC221442 1.5857975
IL29 1.66801937 RFWD3 1.65136 IGLV2-14 1.6322263 TRPV2 1.6064412 NDUFS6 1.5855993
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C15orf40 1.60400742 ANKRD12 1.5569572 PCNXL3 1.5395965 CTRL 1.516026 S1PR5 1.4939004
ANKRD23 1.60394126 ARHGAP18 1.556956 WFDC1 1.53867 TDRD3 1.5158933 ODF3 1.4936073
FASTKD1 1.60339244 NR1H2 1.5557921 RBM4 1.5385497 EIF4A3 1.5154164 FGFR1OP 1.4935821
SPACA3 1.60325475 ASB9 1.5556523 UST 1.5370677 ANKIB1 1.5151666 ARAP1 1.4934201
DHFRL1 1.60216519 ZC2HC1C 1.5556071 CXorf57 1.536824 PHGR1 1.5148315 MAPK1 1.4928711
RASGEF1A 1.60164751 MSMO1 1.5554451 C15orf60 1.5362635 ADAM9 1.5144473 LINC00299 1.4927895
ZC3H13 1.60145055 TIAL1 1.5553776 DLG3 1.5357286 TCTE3 1.5138288 PIGP 1.4915886
GSTCD 1.60095592 FAM134C 1.5553747 TMEM163 1.53489 PPAPDC1B 1.5135066 CYHR1 1.4912675
PLXNB2 1.60075412 ASMTL-AS1 1.5550467 CDX2 1.5348417 LINC00521 1.5125612 LOC285463 1.4912642
TSSK2 1.60045193 MRPS18B 1.5547198 CCDC132 1.5346196 CDCP1 1.5121179 SNAI3 1.49123
BDKRB2 1.60040699 ORC5 1.5543305 DOLPP1 1.5342785 ADAM8 1.5117128 FAM120AOS 1.490409
MYO5A 1.60001047 NDEL1 1.5541965 RAB11FIP4 1.5336534 TCAP 1.51076 HLA-DMA 1.4902569
P4HB 1.59993851 FBXW2 1.5537135 MYO1C 1.5336137 TRAF2 1.5102191 GPR111 1.4899402
TMEM135 1.59933825 TMEM53 1.5536796 SEPHS2 1.5332968 OR1D2 1.5102066 PSMD11 1.4899287
RBP4 1.59886666 LOC643783 1.5533768 P4HTM 1.5326612 MCAT 1.5101687 LOC339524 1.4897659
ZFY 1.59876151 PUSL1 1.5532491 HUS1B 1.5325998 ADPRH 1.5085762 MMGT1 1.4892511
COX10 1.59842123 PPP1CA 1.5532237 C22orf31 1.5324075 ALG14 1.5075325 PTGDR 1.4891147
ZCCHC9 1.59836322 DHCR7 1.5527701 CHPT1 1.5318853 MALAT1 1.5070116 GTPBP5 1.4887991
TEKT3 1.59773303 ZBTB20-AS1 1.5527143 LOC286184 1.5304349 CAPN7 1.506827 LOC1005067901.4886458
MICALL1 1.5961148 CTNS 1.5525591 PRNP 1.5303015 SYS1 1.5062468 SEC62 1.4882547
DHRS13 1.5958313 IFNW1 1.552038 CHST15 1.5300571 IPO4 1.5061157 LOC1001313471.4877415
PRF1 1.59566225 CNTNAP4 1.551715 TMEM5 1.5298905 FLJ41484 1.5059287 GOLGB1 1.4870455
KLHL2 1.59565779 PAEP 1.5515048 CHAMP1 1.5293709 CHURC1 1.505917 C9orf100 1.4867608
FAM204A 1.59511163 LOC150197 1.5513058 RFK 1.5290191 IER5L 1.5059037 PLEKHF1 1.4866243
ESR1 1.59477117 C20orf20 1.5508063 TACR2 1.5281991 ASB4 1.5057873 LDHD 1.4865514
TOP1MT 1.5946416 POLR3E 1.5498577 LOC1002871771.5281844 SLC5A12 1.504732 SLC7A2 1.4863344
ACSBG1 1.5946153 CCDC17 1.5491254 LOC1006529501.5280673 TMEM63B 1.5046099 YTHDC2 1.4849844
VCPIP1 1.59445444 STAM2 1.5486501 SETD9 1.5275527 SYCE3 1.5046011 LOC1002878961.4847567
KRT9 1.5939248 HRH2 1.5483707 LGALS12 1.5273127 0 1.5045276 LIFR-AS1 1.4845983
ATP2A3 1.59241244 CDNF 1.547852 AASDH 1.5261663 UNC50 1.5042556 ADARB2-AS1 1.4839885
FAM100A 1.59163824 STAT2 1.5476573 MPEG1 1.5257432 ATP6V0E1 1.5032374 METRNL 1.4838991
SDC4 1.59162871 BMP8B 1.547248 PLEKHA6 1.5257336 C10orf12 1.5030394 C9orf91 1.4838266
C4orf19 1.59121053 GLS2 1.5465994 C1orf177 1.5253132 SOHLH1 1.5027457 TEC 1.4818503
MZB1 1.59098245 FBP2 1.5465879 GGA1 1.5251256 CLDN9 1.5023389 PLSCR4 1.4816631
PLIN4 1.59096153 TIMMDC1 1.5465725 SERPINB2 1.5249003 PHLDB3 1.5020968 FBXL18 1.4816256
VSIG2 1.59067161 SLC25A26 1.5462253 TBC1D8B 1.5234022 SDF4 1.5014489 EIF2C2 1.4813766
NUBPL 1.59060552 KRTAP17-1 1.5460775 PXN 1.5233402 C20orf111 1.5010463 UHRF1BP1 1.4804987
OR51I2 1.59054555 SGSM1 1.5458136 SH3RF2 1.5232259 LOC1001313661.5008838 ADRA1A 1.4804517
FAM13A-AS1 1.5903643 PSME1 1.5458001 MOBP 1.5229071 HEBP2 1.5005081 KRT36 1.4796356
SGSM3 1.59032285 PRKAG1 1.5455555 MRPL36 1.5228937 COL28A1 1.5003771 SP1 1.4790577
RECQL4 1.5901872 TM4SF20 1.5453289 CYP26B1 1.5216904 DOCK9 1.4999743 NKD2 1.4787645
RSG1 1.59012627 RPS6KA5 1.5446627 C9orf102 1.5215908 MAT1A 1.4997478 CD44 1.4787231
MTM1 1.5893506 BMP7 1.5446148 CENPJ 1.5213268 FAM110A 1.4985355 PARN 1.4780219
MID2 1.58860162 FAM160A2 1.5446091 MLXIPL 1.5212194 OR1I1 1.4985107 NFE2L1 1.4773033
FOLH1 1.58834279 BUD31 1.5444168 GIPC2 1.5206206 D2HGDH 1.498377 LOC150568 1.4770907
LOC255130 1.58813701 ZNF587B 1.5441197 LOC100506201 1.520299 BAHCC1 1.4983659 MRPL2 1.4768751
TEAD3 1.58779938 ZNF556 1.5439293 VIL1 1.5202937 RBM48 1.4978071 TTPA 1.4767471
REG3G 1.58770062 TBC1D2 1.5438025 LPP 1.5193864 APOL2 1.496234 DCTN6 1.4762843
CTSC 1.58712483 ECM1 1.5427565 CCDC42B 1.5191783 LGALS9 1.4958174 RAB3IP 1.4761056
C4orf17 1.58687535 PLCH1 1.5423882 LOC284561 1.5186377 PTGR2 1.4957078 TESC 1.4760642
HIST1H1A 1.58661912 LALBA 1.5417777 PAX3 1.5185756 ID1 1.4953834 ZNF498 1.4760198
LOC221442 1.58579753 SRRD 1.5417196 SAMD8 1.5183279 C4BPA 1.4953296 SND1-IT1 1.475987
NDUFS6 1.58559929 DSTYK 1.5416779 GABPB1 1.5180228 KCNV1 1.4952912 GJD3 1.4746272
GGT6 1.58557259 NF1 1.5415654 WAPAL 1.5177635 TUBGCP5 1.4951847 EOMES 1.4736656
TMPRSS12 1.58491504 CYP2A7 1.5410598 ZFYVE16 1.5172979 UCA1 1.4943119 LOC440981 1.4735655
MX2 1.58451358 NIP7 1.540767 LOC732275 1.5168446 C9orf86 1.494177 SLC25A47 1.4730798
CXCL17 1.58433368 LRIG3 1.5400069 SUN2 1.5167294 NKD1 1.4941088 TMEM181 1.4725049
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PLOD2 -1.4345776 0 -1.4572474 TERF2IP -1.4761553 XIST -1.4974578 ATP10D -1.5176372
BCL11B -1.4356963 PRPS1L1 -1.4575889 LGI1 -1.4770455 ZNF547 -1.4975874 C9orf25 -1.5178198
CASKIN2 -1.4364193 ZNF354C -1.4576459 SDK2 -1.4770673 LOC152225 -1.4977684 DCAF5 -1.517906
PRKD1 -1.4367404 ENOX1 -1.457721 PA2G4 -1.4776877 STK11 -1.4977733 SF3B14 -1.5181028
PSRC1 -1.436872 ASB15 -1.4581006 UBTD1 -1.4785272 HIPK2 -1.4980611 SEC22A -1.51847
FAM189A1 -1.4375324 MCAM -1.4581597 GLI1 -1.4791347 LYSMD1 -1.4980783 SAP30L -1.5185498
LOC51145 -1.4375815 MAEA -1.4583584 ARHGEF12 -1.4793111 SORBS3 -1.4982605 CKAP4 -1.5191157
PDAP1 -1.4375863 POLA1 -1.4583771 C1orf21 -1.4793846 ZNF225 -1.4987061 DRD2 -1.5191314
MELK -1.4381188 IL12B -1.4586981 GUCA1C -1.4794039 FUT11 -1.499426 HNRNPR -1.519543
HSD11B1 -1.4384397 KLHL32 -1.4597884 FAM123C -1.4800699 TBX1 -1.4995115 HCN3 -1.5197608
ASCL1 -1.4386848 41709 -1.4601381 GABBR1 -1.4802373 PPP3CC -1.4999056 HOXD4 -1.5199632
CCDC85B -1.4391046 NARF -1.4602021 MED12L -1.4807114 ZNF805 -1.5000578 GEMIN2 -1.5205521
RNF121 -1.439322 EIF1 -1.4602879 SPAG7 -1.4818681 SIKE1 -1.5003926 LOC100507213-1.5211359
ETAA1 -1.4394596 P2RX3 -1.4604882 SEC22C -1.4819003 ZAK -1.5005195 IP6K2 -1.5212474
METTL3 -1.4400156 TOE1 -1.4608321 C5orf62 -1.4820867 RTEL1-TNFRSF6B-1.5009347 PRPF3 -1.5214493
TIMD4 -1.4411428 ZNF644 -1.4618901 UROS -1.4822404 CDH12 -1.5010835 AZI1 -1.5214588
CTHRC1 -1.4417006 HMP19 -1.4619318 CEP250 -1.4822596 UBE2Q1 -1.5017688 SH2B1 -1.521648
GABRA5 -1.4417428 CCNA1 -1.4641056 PINK1 -1.4828809 GPR161 -1.5023713 LOC100630918-1.522432
PJA2 -1.4417493 SMG9 -1.4644093 DNAJB6 -1.4833501 CLEC11A -1.5029282 BTRC -1.5241052
C12orf55 -1.4417789 JPH2 -1.4645755 ATP1A2 -1.4835333 SLC4A7 -1.5030327 THRA -1.5242457
RUNX1-IT1 -1.4421272 SLC30A9 -1.4652924 WDR19 -1.4844032 ELF2 -1.5032912 ZNF646 -1.5244583
OLFML1 -1.4421313 MAP3K14 -1.4655515 KLHDC2 -1.4849311 LMOD1 -1.5033992 C11orf10 -1.5249361
BEGAIN -1.4425078 MCM6 -1.4656447 C9orf135 -1.4851645 PCDHA6 -1.5034773 DAPK1 -1.5261133
RPP30 -1.443113 0 -1.4659193 SNX3 -1.4852574 EVC -1.5038425 IL7R -1.5265097
CKAP2 -1.4432551 TCHP -1.4659374 NHEJ1 -1.4854124 TMEM220 -1.5045229 EIF2C4 -1.5269491
HIF3A -1.4442095 SLAIN1 -1.4659587 CRNKL1 -1.4856589 C17orf51 -1.5047422 LSM6 -1.5270619
KAZN -1.4444097 CREBBP -1.4663664 ANKLE1 -1.48566 MAPKAP1 -1.5049411 C16orf59 -1.5277713
FAP -1.4460237 CAPN5 -1.4664572 AZU1 -1.4857777 GRIPAP1 -1.5056361 BAX -1.5282927
C6orf57 -1.4461893 TAF11 -1.4665138 C3orf71 -1.4866377 C2orf80 -1.5058964 GNA11 -1.5284488
SYMPK -1.4472066 KPNA3 -1.4666477 NOTCH4 -1.4866485 USP21 -1.5065185 SNPH -1.5293405
MPI -1.4472425 RNGTT -1.4669628 IL21 -1.4869109 C6orf163 -1.5066432 CLDN11 -1.5307619
STK40 -1.4473821 FRYL -1.4669968 KHSRP -1.4874218 SDK1 -1.5069351 LUZP1 -1.5309233
MIR17HG -1.4474003 PUS7L -1.4671584 LOC100506271-1.488001 LINC00317 -1.5070668 GYPE -1.5319113
PELI1 -1.4474718 TRIM32 -1.4676206 CD207 -1.4881552 CSH1 -1.5073106 ZNF576 -1.5321219
MED22 -1.447672 UTP18 -1.4682554 ACTG2 -1.4882621 C17orf103 -1.5079649 LOC100507530-1.5326245
PSMD1 -1.4484399 WDR83OS -1.4682669 C4orf21 -1.48883 BRAP -1.5080547 MYL1 -1.53269
GPR17 -1.4488166 L1CAM -1.4682686 PIN1P1 -1.4889667 PDK1 -1.5084253 BCKDHB -1.5326945
GPATCH8 -1.4491141 ZNF317 -1.4696003 ASGR1 -1.4894779 EZH2 -1.5090104 SKI -1.5330597
C7orf70 -1.4495746 EFHB -1.4698406 NAA10 -1.489595 FUT9 -1.5105005 FAM171B -1.5332587
NPW -1.4511455 CTSO -1.4698517 SP4 -1.4899072 LOC100506128-1.5105242 ARHGAP19 -1.5333295
MCM8 -1.4515428 TFPI -1.4701091 TXNDC9 -1.4904444 LRP12 -1.5105509 SNRPF -1.5335296
TMSB10 -1.4516906 C2orf63 -1.4703813 MRPL14 -1.4907502 N4BP2 -1.5110852 MGC16275 -1.5338444
GPR63 -1.4523377 0 -1.4708123 PTCHD1 -1.4912307 CPA1 -1.5112253 TRAV6 -1.5340469
OLIG3 -1.4524017 CCDC40 -1.4710465 NDRG4 -1.4912878 RBX1 -1.5117678 CHD9 -1.5348669
ME3 -1.4539793 NR2C1 -1.4717068 SAP130 -1.4915701 FMO1 -1.5123521 SYNPR -1.5349334
AP2B1 -1.454154 ATP6AP1L -1.4720494 NPTXR -1.4923119 SEC13 -1.5125935 ZNF684 -1.5352449
C5orf45 -1.4546498 ADO -1.4725398 OTUD5 -1.4926867 RRAGC -1.512603 CDH15 -1.5358011
RAB11FIP2 -1.4549317 LRIG2 -1.4731322 LOC284080 -1.4928386 ASMTL -1.5128376 ATP8A2 -1.5361583
ZDHHC2 -1.4553278 SH3GL1 -1.4732801 FAM105A -1.4934482 RRP1B -1.5129429 PRDM6 -1.5361771
URI1 -1.4554009 MCM3AP-AS1 -1.473303 SIRPG -1.494203 COL9A2 -1.5130545 SNAPC2 -1.5366768
EIF3L -1.4555078 OR2L13 -1.4733205 C7orf69 -1.4952924 TCEA3 -1.5131917 C2CD3 -1.5367758
KBTBD5 -1.4555582 ZNF780A -1.4738354 ECHDC1 -1.4954194 HS3ST3B1 -1.5133594 TCEANC2 -1.5371365
ZNF264 -1.4559484 RNF122 -1.4740464 APOM -1.4956202 CEP63 -1.5148277 WDPCP -1.5378276
FRMD6 -1.4559586 ANKRD7 -1.4740646 TMEM98 -1.4963053 GOPC -1.5156379 RAMP3 -1.5380134
RASGEF1C -1.4561447 ANK1 -1.4747954 RERE -1.4969557 MYBPC2 -1.5158425 EPB41L2 -1.5381232
MGST3 -1.4564011 ADAMTS9-AS2-1.4750846 LSAMP -1.4970052 RNF115 -1.5168011 PRELID1 -1.5385957
KLHDC1 -1.4569144 STOML1 -1.4751746 AMPH -1.497127 SEMA3D -1.5172278 LRP1 -1.5387493




Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
GGN -1.5391226 LINC00301 -1.5633347 DLGAP3 -1.5867961 TRIM8 -1.6058982 KPTN -1.6285116
SPOCK3 -1.5398225 ABCA11P -1.5638977 KIAA0586 -1.587086 SCAPER -1.6065123 TAOK1 -1.6291118
OXSR1 -1.5398815 RNF138 -1.564055 CDC40 -1.58734 ZBED3 -1.6066628 C8orf58 -1.6292828
FAM161B -1.5415919 DCAF6 -1.5644493 BRSK2 -1.5873918 ADC -1.6069495 SLC10A4 -1.6293226
EPOR -1.542077 POSTN -1.5647001 GMNC -1.5875103 LPHN1 -1.6077992 ADCYAP1 -1.6299573
TBC1D5 -1.5428997 LOC100506380-1.5652539 LOC100506331-1.5875437 DDX5 -1.6079901 TFPI2 -1.6299605
CC2D2A -1.5442393 RAP1A -1.5653467 GTF3C1 -1.588382 BTBD10 -1.6084403 TCP1 -1.6299679
SLC5A10 -1.5449001 HSPA8 -1.5656054 C6orf120 -1.5883839 ATP5A1 -1.6085176 LDHB -1.6308337
RAD54L2 -1.5449516 CELF1 -1.5664682 DCAF7 -1.5886501 NLRP5 -1.6099939 CLCN4 -1.6311937
FAM132B -1.5453369 AKAP8L -1.5666271 CRYBA2 -1.5891874 POC5 -1.6101691 0 -1.6318162
SPA17 -1.5463824 CD3E -1.5670878 PAMR1 -1.5896498 DYRK2 -1.6104859 LEFTY2 -1.6319345
OSR1 -1.5466511 ROMO1 -1.5671711 NRP1 -1.5902102 CLEC16A -1.6115155 PEX19 -1.6320279
C12orf29 -1.5467399 LUC7L3 -1.567502 ZNF202 -1.5903878 FAM150B -1.6118107 AKIRIN1 -1.632293
CIR1 -1.5473582 DOC2A -1.5677463 ATF5 -1.5903929 FOSL2 -1.6122724 SIN3B -1.632803
MAGEE2 -1.5473977 ZYG11A -1.5677574 LOC100507507-1.5906483 LOC100506354-1.6124383 CACNB1 -1.6329181
OPCML -1.5477704 LRRC2 -1.5683488 C16orf11 -1.5906944 VIP -1.6125529 SUGT1 -1.6333165
PRMT1 -1.5478111 CPSF6 -1.5686892 DDN -1.5909404 YPEL4 -1.6127151 RCL1 -1.6335006
CNOT10 -1.5482581 LGI2 -1.5687121 VPS26B -1.5909427 CDHR1 -1.6128089 SYNJ1 -1.6336009
RTN3 -1.5486633 ZFP90 -1.5695757 IDO2 -1.5912386 MAPK10 -1.6133613 SLC25A14 -1.6337486
PXDNL -1.5491292 CAPSL -1.5706672 PTGER2 -1.591485 SPOCK2 -1.6148013 DR1 -1.6339793
ABI3BP -1.5492325 DHPS -1.5707003 BUD13 -1.5920291 MED24 -1.6156825 CRB2 -1.634605
KANSL1-AS1 -1.5493594 SLC29A1 -1.5717311 FAM48A -1.5930372 B3GNTL1 -1.6159238 SOCS3 -1.6366176
LOC728537 -1.5497131 LOC100507487-1.5740767 TBX5 -1.5942072 LOC100506388-1.6168778 BCL9 -1.6377778
CILP -1.5498788 MOSPD3 -1.5741235 TNPO2 -1.5942493 PSD3 -1.6173033 REXO2 -1.6379197
CSN2 -1.5499402 MYOG -1.5741704 SLC32A1 -1.5945622 TRAPPC2 -1.6173731 ASAP3 -1.6389708
PRELP -1.5499971 IGLON5 -1.5751208 TMEM8B -1.5951866 TTC9B -1.6178145 DDHD1 -1.6392092
MEF2BNB -1.5501227 LOC400548 -1.5771216 DNALI1 -1.5953768 ADAMTS14 -1.6178677 LOC339894 -1.6398623
APLF -1.5506845 PTK7 -1.5774874 RBMX2 -1.5966601 USP34 -1.618227 SCN11A -1.6402549
NCK2 -1.5507717 TCF19 -1.5776805 BCOR -1.5974467 ZNF586 -1.6186156 MYO18B -1.640267
WDR83 -1.5511451 YBEY -1.5778387 DARC -1.5978638 C20orf201 -1.618915 POLR2G -1.6403011
LOC100505533-1.5512268 FAM55C -1.578204 SNTG2 -1.5979145 0 -1.6190962 BTG3 -1.6410897
MICU1 -1.5521274 SSPN -1.5787517 NFE2L3 -1.5980258 TTC40 -1.6192761 FOXR2 -1.6415414
DFNB59 -1.5524773 TAMM41 -1.5794366 TLE1 -1.5991732 DCAF15 -1.6200467 KLF14 -1.6426423
SLC17A6 -1.5530571 GNAS-AS1 -1.5803701 C14orf64 -1.5992258 C16orf73 -1.6201057 MOB3A -1.6437414
POLR2D -1.5531505 ATXN10 -1.5807551 ZKSCAN4 -1.5996679 POLR3GL -1.6212725 DYRK4 -1.6443623
TARDBP -1.5532901 LINC00284 -1.5808666 NIPSNAP3B -1.6000442 DCHS2 -1.6218927 GAS6 -1.6443767
LMBR1L -1.553452 TBC1D17 -1.5811182 ZNF92 -1.6002048 PCSK1 -1.6220972 CREB3L1 -1.6445367
TSIX -1.553536 RBM5 -1.5815925 NSFL1C -1.6007606 OCRL -1.622708 KIAA1191 -1.6446954
PPAP2A -1.5547549 PPP2R3B -1.5818796 NUP62 -1.6010626 LOC100270804-1.6230821 PPP1R8 -1.6448093
DPP4 -1.5553695 LIN52 -1.5820581 ZNF551 -1.6020952 C16orf53 -1.6233014 WBP4 -1.6448586
CHST3 -1.5562951 ACBD6 -1.5823462 MRPS27 -1.6026957 MKX -1.6236145 NR2F2 -1.6448793
ZNF830 -1.5568021 ZNF350 -1.5832502 PNPLA3 -1.6027487 SOX4 -1.624886 TIMM21 -1.6449697
NRN1 -1.5568217 NDUFS5 -1.583586 TNC -1.602795 BBIP1 -1.624916 RPL13A -1.6449966
LOC100506930-1.5574168 ZBTB46 -1.583587 CUL4B -1.6028398 COLQ -1.6251948 SLC25A41 -1.6455365
FAM13A -1.55742 ARHGAP20 -1.5836639 ADAMTS9-AS1-1.6028694 FAM64A -1.6261576 C2orf74 -1.6463817
EXOG -1.5575829 SAC3D1 -1.5837387 NLGN4Y -1.6036721 LINC00341 -1.6262158 NRAS -1.6469346
MED20 -1.5580187 MAP1LC3A -1.5844019 C21orf49 -1.6037947 HMGA2 -1.6263154 ITGA5 -1.6470341
RPRD1A -1.5589159 TMEM158 -1.5844146 KCNE2 -1.6038678 METTL13 -1.6264343 DBH-AS1 -1.6474286
PHOSPHO2 -1.5592188 C17orf100 -1.5845173 UTP11L -1.6043076 SEC61A2 -1.6264582 KCNJ3 -1.6478148
CBLN2 -1.5598794 PHF6 -1.5845322 FAIM2 -1.6043371 SPAG16 -1.6265361 ZBTB10 -1.6482968
HHATL -1.5603824 SIX2 -1.5846954 CDH22 -1.604506 GIP -1.6268178 USP49 -1.6485434
ZNF653 -1.5607204 C20orf112 -1.5847029 MAP4K3 -1.604659 ZNF32-AS3 -1.6268735 C12orf43 -1.6485661
PIGC -1.5609706 ZNF880 -1.5847041 G6PC3 -1.6048402 GPR123 -1.6269565 SAP18 -1.6487839
TBC1D23 -1.5610357 GARNL3 -1.5851407 ZNF184 -1.6049321 SLC25A31 -1.6271051 ST18 -1.648959
DZIP3 -1.5616141 SLX4 -1.5851409 CAPN6 -1.6049629 GPATCH1 -1.6272766 BUB1 -1.6491104
SREK1IP1 -1.5620207 CRLS1 -1.5854931 DCP2 -1.6051509 ATP5J -1.627329 C7orf13 -1.649289
MOXD1 -1.5620917 41707 -1.5858913 RGS9 -1.6054491 COL18A1 -1.6278569 KCNE1 -1.6494346
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BCORL1 -1.6497805 WDR46 -1.6730853 ZC2HC1A -1.6962297 MBD1 -1.7199091 POGLUT1 -1.7412672
CPNE2 -1.6500098 WIPF1 -1.6730908 ARHGAP10 -1.6964607 EMP3 -1.7201526 TENC1 -1.7414603
HDC -1.6503401 SNX24 -1.6735116 HCN1 -1.6967077 SNRPC -1.7203825 GPSM3 -1.741616
RAB33B -1.6504305 RMND1 -1.6738837 LINC00461 -1.6975387 SLC43A3 -1.7209421 LMCD1 -1.7420996
YPEL2 -1.6507357 LOC286437 -1.6741357 ARHGAP36 -1.697766 PLEKHJ1 -1.721209 HSPA13 -1.7421054
SGCA -1.6515322 KLHL4 -1.6744366 USH2A -1.6979071 DDX24 -1.7212914 SUPT5H -1.743093
CCDC75 -1.651817 RBM3 -1.6745501 ZNF222 -1.6984447 LOC440028 -1.721376 C5orf34 -1.743829
FTSJD2 -1.6519008 IL6 -1.6749236 CDH18 -1.6988946 LOC100507246-1.7217271 PRPF19 -1.7441604
C12orf32 -1.6519839 VRK1 -1.675198 ZNF8 -1.6995543 SEMA5B -1.7218269 PROX1 -1.7448872
WDR69 -1.6526939 CNGA3 -1.6752019 NDUFB7 -1.6995784 HBM -1.7220889 MT3 -1.7449954
PRIM2 -1.6537503 PEAR1 -1.6754114 CCDC150 -1.6997243 PRAME -1.7221738 ACTB -1.7451611
UBE2L6 -1.6539338 XAB2 -1.675425 BCL2 -1.6998662 SPATA4 -1.7226301 SPAG9 -1.7451735
UBA2 -1.6542424 CCT4 -1.6758345 CEP120 -1.7005528 FAM65A -1.7229542 NAGK -1.7454139
GBX2 -1.6545387 VTA1 -1.676245 LOC100287015-1.7006725 LSM3 -1.7230984 GNE -1.746561
ALKBH8 -1.6550038 ATG2B -1.6762572 ZNF618 -1.7008893 SLC25A12 -1.7239415 HS3ST5 -1.7473151
TTC29 -1.6551966 TUT1 -1.6763736 SYT9 -1.7013284 GLYR1 -1.7240041 KIAA0895L -1.748003
DYNLL1 -1.6553261 SCARNA17 -1.6766553 PLAA -1.7026714 PSG9 -1.7243199 MIOX -1.7481315
LOC100507557-1.6565861 AP2M1 -1.677185 NKX2-1 -1.7028866 ZBTB3 -1.7244998 RNASEH2C -1.7482847
LOC283050 -1.6567325 MMP9 -1.6779485 KBTBD10 -1.7036726 AKIRIN2 -1.7246851 LINC00029 -1.7487948
HNF1B -1.6579166 C11orf96 -1.6791486 CDKN2B-AS1 -1.7038166 USP24 -1.7247381 B3GALT2 -1.7488845
EHD1 -1.6590904 NUDT1 -1.6802626 DNAH11 -1.7040714 INTS7 -1.7247853 LOC643201 -1.7500274
ARMCX5-GPRASP2-1.65914 NCDN -1.6803699 KIAA1432 -1.7046889 ZNF575 -1.724821 SAMD4A -1.7517504
LOC100506419-1.6592151 ZFP41 -1.6819215 ERCC1 -1.7048118 NUMA1 -1.7253422 DENR -1.7519391
FOXD1 -1.6599324 ARNT2 -1.6830114 GTF2IRD1 -1.7048545 SMAD5-AS1 -1.725473 SAMSN1 -1.7525034
EDN2 -1.6599721 RBP1 -1.6830416 TMEM167B -1.7052339 VBP1 -1.7257255 CENPL -1.7529635
SLC16A9 -1.6602397 CETN3 -1.6832455 WDR78 -1.7058787 TIGD6 -1.7257471 CASP8AP2 -1.753178
MAMDC2 -1.6605061 ACVR2A -1.6839983 MRPL10 -1.7068016 CSRP2BP -1.7258069 CYP4F22 -1.7533681
DNAJA1 -1.6610012 PM20D2 -1.6845653 FAM120C -1.7071522 SARNP -1.7265573 HAP1 -1.7534009
ZNF784 -1.6626525 KLF6 -1.6847964 LRRC15 -1.707209 SH3GL2 -1.7266284 LOC100507575-1.7534164
ZNF561 -1.6627934 GRIA3 -1.6866721 ZNF404 -1.7080023 DZIP1L -1.726977 RIIAD1 -1.7534256
HEPACAM2 -1.6630138 CD40 -1.6869816 SNRPB2 -1.7084819 EXOC4 -1.728039 TLN1 -1.7536225
RPL3 -1.6632332 KRTAP4-8 -1.6872338 CBX3 -1.7092916 TCEB1 -1.7287348 TAC3 -1.7544469
NFYC -1.6633417 CDK5 -1.6877242 GFRA1 -1.7097099 KDM5A -1.7288303 TOP2A -1.7545319
GPR65 -1.6642259 ANGPTL4 -1.6877878 CYB5R3 -1.7101244 LOC100507449-1.7289606 RYR2 -1.754767
FTO -1.6644176 GALP -1.6878701 CCDC111 -1.7102017 TYMS -1.7290694 GABRA2 -1.7549117
SEC63 -1.6652358 ADAMDEC1 -1.6879 TSTD2 -1.7103271 PNRC1 -1.7292201 HS2ST1 -1.7555602
SEZ6L -1.6654007 ARHGEF2 -1.6879195 MRPL51 -1.7105057 RPS3 -1.7292684 DHX29 -1.7562228
AGXT2 -1.6656606 ZNF75A -1.6887383 SAYSD1 -1.7118401 ZNF671 -1.7298663 KCNK12 -1.7565909
EPHA5 -1.6657458 CLASP1 -1.6891728 0 -1.7124076 CERS1 -1.7302432 XPC -1.7566657
TTLL7 -1.6659877 RNF24 -1.6896778 SLC2A5 -1.7125536 RPUSD4 -1.7310455 METTL20 -1.7574453
ZDBF2 -1.6662451 B3GALT6 -1.6898885 GAS1 -1.7131165 CCIN -1.7314398 PSMD2 -1.7577169
AGBL5 -1.6663739 SMARCA4 -1.6903759 FPR1 -1.7132855 HEYL -1.7315858 KLHDC7A -1.7578369
TBC1D2B -1.6671929 FAM19A2 -1.691233 AASS -1.7133773 NR2C2 -1.7324666 ERI3 -1.7584315
VGLL3 -1.6675265 SMAP2 -1.6915004 GUSBP5 -1.7137391 MPLKIP -1.7326712 CA5BP1 -1.7585343
PRTFDC1 -1.667671 URB2 -1.6915177 EPB41L3 -1.7140052 PSMC5 -1.7341778 ZNF827 -1.7586373
MPHOSPH9 -1.6680272 ZNF680 -1.6917214 SRGAP2 -1.7140814 ELSPBP1 -1.7342267 C2orf81 -1.7587021
WDR33 -1.6694782 H2AFY -1.6918121 ADORA2A -1.7145815 ACSM5 -1.7342596 CLEC4E -1.7592308
FAM20C -1.6698055 IL12A -1.6925984 HTATSF1 -1.7153424 SHKBP1 -1.7346931 IFT172 -1.7598156
NAT14 -1.6699114 KIF26B -1.6926809 VARS -1.7153877 IL13RA2 -1.7350992 RTN4 -1.7600044
SERPINI2 -1.6699871 RNASEH2B -1.692698 ING2 -1.7158597 COL25A1 -1.7352279 LOC100129098-1.7605088
DGCR5 -1.6701233 KIF5A -1.6931049 RAPGEF2 -1.7159407 WDR45L -1.7352992 GRIK3 -1.7613133
FBXO15 -1.6702064 LCORL -1.6933616 PRKACB -1.7164144 MED27 -1.735457 STK36 -1.7620838
CCNE1 -1.6704036 MRPL39 -1.6934961 DCDC5 -1.7164953 CBL -1.7364987 SLC1A2 -1.7630649
RPL38 -1.6707414 LRP3 -1.6935891 TNFAIP1 -1.7173521 SNRPD1 -1.7365237 FNTA -1.7633179
PDHB -1.6710205 MYH10 -1.6938584 C1orf122 -1.7176231 PPAPDC1A -1.737044 FNDC4 -1.763745
LBH -1.6721363 ZC3H10 -1.6957146 CEP89 -1.7176861 ARHGAP29 -1.7378592 ZMYM6 -1.7638114
CTNND2 -1.6723366 ATF2 -1.6958703 CIB2 -1.7184834 SLC16A10 -1.7384215 TMEM42 -1.7639952
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HAUS6 -1.7646752 RSRC2 -1.7881326 CNKSR3 -1.8143918 TRIM9 -1.8380461 HNRNPM -1.8615229
C1orf213 -1.7670388 KIAA1875 -1.7890017 LOC100505894-1.8146947 AMZ2 -1.838123 PLAC9 -1.8616837
ARSK -1.7672412 POLR3A -1.7895922 DMTF1 -1.8149097 RSPH9 -1.8392233 CCDC148 -1.8617181
PRKX -1.7683128 NAT8B -1.7907333 BRK1 -1.8149553 NIPSNAP1 -1.8406164 TRIM24 -1.8621594
LOC145663 -1.7696445 DONSON -1.7909224 ANKRD13B -1.8153264 RIC3 -1.8407036 TATDN2 -1.8629118
SUPT4H1 -1.7698917 BBS12 -1.7911034 LOC400236 -1.8156503 0 -1.8409938 EP400 -1.8631878
OR3A1 -1.7704284 ZNF701 -1.7911234 TRIM58 -1.8157177 MGAT2 -1.8410134 ZBTB39 -1.8633545
C14orf133 -1.7710789 LINC00487 -1.791494 NTRK3 -1.816231 SHISA2 -1.8410368 C7orf44 -1.8634347
AGPAT1 -1.7713635 CDK16 -1.791758 MAML2 -1.8162574 GPBP1 -1.8418409 CNIH2 -1.8641253
SPATA6 -1.7716718 EIF4E2 -1.7921442 FAM200B -1.816547 GNB2L1 -1.8418468 NRF1 -1.8646169
MEOX2 -1.7722042 PCDHB11 -1.7925379 WRAP53 -1.8175624 DARS -1.8430856 POU3F1 -1.8647628
ANO2 -1.7722987 XRCC1 -1.7926218 CPA4 -1.8184334 SSX2IP -1.843574 CTNNBL1 -1.8648429
PLCL2 -1.77257 KANSL1 -1.7928693 NUP133 -1.818997 MEGF11 -1.8436548 LIN7A -1.8648961
TRAK2 -1.7726819 KIF20A -1.7946873 LRRC7 -1.8190136 SERTM1 -1.8443222 KCNJ6 -1.8649011
TCERG1 -1.7729221 C3orf26 -1.7948307 LRRC27 -1.819889 RC3H2 -1.8445619 BCL11A -1.865794
SETDB1 -1.7730849 MIR7-3HG -1.7954375 RBM6 -1.8204112 CDKAL1 -1.8448992 TTC17 -1.8658307
ARHGDIA -1.7733138 PALM -1.7954692 PPME1 -1.8205663 XPR1 -1.8451643 PAQR9 -1.8659502
ANKLE2 -1.7733361 SNIP1 -1.7955411 HCFC1R1 -1.8209752 RPL13P5 -1.8459694 NPTX2 -1.8663649
SF3A2 -1.7733947 NID1 -1.7962901 ZGLP1 -1.8209856 RALYL -1.8459724 FER -1.866378
TRAM2 -1.7734771 RARS -1.7979202 PPP2CB -1.8211245 FGF8 -1.8461084 SARM1 -1.8677772
GNRH1 -1.7743406 LEPREL4 -1.798642 SPAG4 -1.8213332 SPATA24 -1.846825 ILF3 -1.8688862
GLT1D1 -1.7744175 NOL11 -1.7997503 GRK4 -1.821588 CTGF -1.8471365 ANKRD36BP2-1.8695724
R3HCC1 -1.7746173 MMP16 -1.8006977 BRWD3 -1.8233028 0 -1.8475657 PPP1R18 -1.8697304
DNMBP -1.775021 EMR1 -1.8007095 0 -1.8241545 SNRPB -1.8476161 PIK3CD -1.8709043
EIF4ENIF1 -1.7754828 SEC23A -1.8014813 TCF7L1 -1.824316 GABRB1 -1.8476751 DRAP1 -1.8711383
LOC253962 -1.7766194 POLD1 -1.8016395 RING1 -1.8246181 DNAJC6 -1.8484214 POLG2 -1.8713611
TUBG2 -1.7772215 NUP85 -1.8019793 MAP3K4 -1.8246238 0 -1.848488 SOX1 -1.8725918
ISLR -1.7773244 COPG2 -1.8026769 LOC285692 -1.8248003 CUL3 -1.848581 COMMD3 -1.8726766
TTL -1.7775549 SMPD1 -1.803001 CHTOP -1.8248879 SDR39U1 -1.8487667 SST -1.8729477
RSL1D1 -1.7776039 FKBP10 -1.8035861 TEX10 -1.8253595 ZNF45 -1.8493494 ADRA2A -1.8731346
RWDD1 -1.7776843 WBSCR17 -1.8036761 SUV39H2 -1.8255756 CHRM2 -1.849836 CNOT8 -1.8732842
FGF18 -1.777777 STC2 -1.8042104 C14orf39 -1.8258776 LOC100653004-1.8500007 PRR5L -1.8734312
KCTD20 -1.7777813 FAM161A -1.805637 TIPRL -1.8263047 STXBP4 -1.8507394 RPA2 -1.8734486
C20orf96 -1.7777828 H2AFY2 -1.8059934 PARD3 -1.8265916 INHBE -1.8513377 UFC1 -1.8734702
TTC25 -1.7779117 VCL -1.806151 CORO1C -1.8266053 ATF7IP -1.8513879 TGFB1I1 -1.8735405
MMD2 -1.7780065 MUSK -1.8065571 LOC254559 -1.8266263 SF3B1 -1.8518002 SMTNL2 -1.8736005
CSF1R -1.778286 LRRC37B -1.8071285 LYRM4 -1.8268019 RAB42 -1.8521243 UGCG -1.8737466
LOC100505878-1.7783658 LY6G5B -1.8075202 CD99L2 -1.8277836 WNT1 -1.8527574 PRUNE2 -1.8741645
ZFP14 -1.7797192 RAVER1 -1.8077862 LYRM7 -1.8279806 MED12 -1.8527899 CPPED1 -1.8746023
RP9 -1.7805712 CAMK2B -1.808136 C9orf30 -1.8280841 NOL9 -1.8534067 DIAPH3 -1.8759632
C20orf197 -1.7808295 PTPRN -1.8087416 CUL7 -1.828751 SPATA22 -1.8534156 SLITRK4 -1.8760845
C4orf48 -1.7809924 LOC100505483-1.8092864 ZFYVE1 -1.828942 C6orf164 -1.8535257 CKB -1.8773752
ATP5F1 -1.7810003 SAMD1 -1.8093625 ZNF75D -1.8296409 LIMS2 -1.8537097 FKRP -1.878507
SIX1 -1.7823291 OR10H2 -1.809668 PNISR -1.8305131 C11orf49 -1.8552213 EXOSC5 -1.8792583
DEPDC1 -1.7829363 TXLNG -1.8098263 MSI1 -1.8308289 GRK5 -1.855474 DDX47 -1.8795661
NECAP2 -1.7836375 SSR4P1 -1.8098755 SLC6A2 -1.831843 ARID3A -1.8558496 TIGIT -1.8803943
ZNF395 -1.7838097 C14orf28 -1.8099881 GAB2 -1.832791 YARS2 -1.8562439 EXOSC10 -1.880937
NCAPG -1.7845055 MAD2L2 -1.8100995 C7orf55 -1.8336729 RANBP1 -1.8565963 JPH3 -1.8818367
RNF130 -1.7851057 EHMT2 -1.8106023 ACTR8 -1.8337552 DZANK1 -1.8571266 FAM107A -1.8819524
GPR26 -1.7853504 MB21D2 -1.8107676 LOC100506029-1.8339672 CATSPER1 -1.8574738 FILIP1L -1.882949
APOOL -1.7853677 NR3C2 -1.8107697 LOC100126784-1.8353503 ZNF34 -1.858587 CHRND -1.8832467
RPIA -1.7856173 MUM1 -1.8110578 LOC100506054-1.8353735 RABGEF1 -1.8586705 FAM124A -1.8840374
ROR2 -1.7856234 FRZB -1.8112955 CALY -1.835808 GRIN3A -1.8594293 GFI1B -1.8841018
ERGIC1 -1.7863166 PSMC3 -1.8120261 PWP1 -1.8360215 ATP6V0E2 -1.8594786 GNAO1 -1.8852687
C11orf58 -1.7863411 BMF -1.8124163 PIAS2 -1.8363679 OBSL1 -1.8594862 PI4KA -1.8855525
PPP5C -1.7868173 DAB1 -1.8124543 GJA1 -1.8367148 CCDC126 -1.8603802 ASAP1-IT1 -1.8858027
ZNF259 -1.7873157 BBS7 -1.8125158 RPH3A -1.8369939 PCDHB5 -1.8606343 C17orf104 -1.8863129
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TEX15 -1.8882001 RSPO2 -1.9104256 FN3KRP -1.9383191 SRR -1.9642766 LOC100189589-1.9856056
ETV1 -1.8884928 GNG5 -1.9110123 MRFAP1 -1.9392526 LAMP5 -1.9644396 RGS9BP -1.9861202
ARL2 -1.8885712 TP53I3 -1.9114304 PAX2 -1.9393544 CDH23 -1.9649793 MYADM -1.9869616
LOC255167 -1.8891292 SYTL3 -1.9117953 POLR2E -1.9395567 RCBTB2 -1.9652484 FSCN1 -1.9870369
KCNQ3 -1.8891371 WNT5A -1.9120865 SOBP -1.9405849 FMNL2 -1.9652686 ZNF418 -1.9873319
CPA5 -1.8891934 LOC401588 -1.9124548 EXOSC9 -1.9409006 COL4A2 -1.9654199 UBXN1 -1.9879267
TNFSF4 -1.8894543 CCDC109B -1.9128156 PTPRR -1.9409297 C1orf216 -1.9656836 CHIC2 -1.9897608
DLG2 -1.8894603 NXNL2 -1.9140961 TNF -1.9409456 DNAJB13 -1.9662309 ZNF776 -1.9899494
LRIF1 -1.8895024 VEGFC -1.914297 LOC100506351-1.9411844 RNF20 -1.9666423 ITGB3BP -1.9900195
ZNF383 -1.8903255 SEMA6C -1.9145409 LOC100507579-1.9412564 MED14 -1.9673314 ELOVL5 -1.9905128
0 -1.8904667 GRP -1.9147388 CXXC5 -1.9416156 ARID2 -1.9676352 FLJ37644 -1.9908671
C1orf68 -1.8915943 JAKMIP1 -1.9163391 GNL1 -1.9425421 LOC100652791-1.9691858 SLC35F3 -1.9911439
C7 -1.8916323 ZNF763 -1.9182558 PRKAA2 -1.9428387 NRK -1.9695862 LOC100507580-1.9921492
ZNF655 -1.8917278 0 -1.9185467 SFRP4 -1.9429884 VEZT -1.969587 UNC13A -1.992188
NGF -1.8919786 SERBP1 -1.9203265 CHMP7 -1.943991 LAPTM4A -1.970002 SLC12A5 -1.9924778
CLTCL1 -1.8921168 RYR3 -1.9212302 KDM4A -1.9446887 LNP1 -1.9700773 CCM2 -1.9931065
RARRES2 -1.8935146 0 -1.9213751 COX7A2L -1.9460412 MYH2 -1.970102 NACA2 -1.9948693
ZNF273 -1.8936468 OR2S2 -1.921411 DLX1 -1.9461843 GLI2 -1.9701514 TAF5 -1.9949305
EYA1 -1.8940819 IFNAR1 -1.9217648 ITGA4 -1.9466726 RGAG1 -1.9702379 FIG4 -1.9955024
WLS -1.8941164 SMTN -1.9228399 NUP107 -1.9472295 FGF7 -1.9712306 QRICH1 -1.9966545
ZP1 -1.8941516 FLJ37453 -1.9240222 LOC339535 -1.9474076 KIAA1328 -1.9713458 ZXDA -1.9969881
SNAP47 -1.8946377 RPS14 -1.9241868 CDC23 -1.9478768 COL9A1 -1.9717714 DEDD -1.9985935
COIL -1.8950064 ZBBX -1.9242821 PPP1CC -1.9481592 SOX9 -1.9719626 MAP4 -1.9994205
KCTD6 -1.8954787 ILDR2 -1.9247241 SLC35F4 -1.9495917 HDAC7 -1.9722543 LRRC4C -2
TWIST2 -1.8956654 PPWD1 -1.9247421 CLSPN -1.9509813 CCDC152 -1.972993 FNBP1L -2.00064
TMEM235 -1.8960364 ALX3 -1.9248237 RUNDC3B -1.9513951 CCDC101 -1.9735213 KIAA0020 -2.0007274
DDX23 -1.8961048 SMARCC2 -1.9253562 OR7D2 -1.951947 COL5A2 -1.9740516 GLIPR1 -2.0012061
SETD2 -1.8966236 GNG4 -1.9269221 DYRK1B -1.9529514 ME2 -1.9747356 LOXHD1 -2.0013006
KLHL15 -1.8967904 FUT8 -1.9270438 CLPP -1.9531621 SHROOM4 -1.9762879 0 -2.0013443
DNAJC8 -1.8986052 ZNF23 -1.9277396 NSAP11 -1.9532211 ACVRL1 -1.9765278 INO80E -2.0018363
SELM -1.8986152 FRMPD1 -1.9278722 SIRT2 -1.9538251 HARS -1.9769928 ITGA11 -2.0019954
KCNJ12 -1.8987863 HBXIP -1.9279181 SHISA9 -1.956117 ZNF876P -1.9777463 KLHL14 -2.0021423
C3orf38 -1.8989138 LHFPL3 -1.9279426 DDX42 -1.9563275 BARX1 -1.9782425 TBCD -2.0021601
FTSJ3 -1.8994224 HCST -1.927995 ZNF642 -1.9563472 SNAPIN -1.978363 PFAS -2.0021683
PGM5 -1.8999559 ASB5 -1.9286137 CASD1 -1.9566934 ITGB1BP1 -1.9791306 ATXN3 -2.0023062
FEN1 -1.9000012 MRPL9 -1.9287143 LRRC37A3 -1.9567902 CYP27C1 -1.9793857 PFN4 -2.0023127
SHPRH -1.9016732 RHOA -1.9291122 FEZ2 -1.9569953 MEGF8 -1.9795493 WSB1 -2.0025375
PRKACA -1.9022227 SENP7 -1.9293955 GCFC1 -1.9582581 KIAA1467 -1.9797469 ZNF467 -2.0025801
GPR6 -1.9035602 KCNQ5 -1.9294357 SVOP -1.9588585 PTH -1.9800266 LOC81691 -2.0031756
ACTR10 -1.9036192 FAM53C -1.9297168 CENPI -1.9597609 ZFAND3 -1.9812968 SAMHD1 -2.0031948
OLFM1 -1.9040616 LRRC4B -1.9297297 0 -1.9599118 HYMAI -1.9817144 ZNF442 -2.0043506
CCDC89 -1.9044986 ADAMTS2 -1.930319 STX12 -1.9599178 RPL15 -1.9817759 STIP1 -2.0046729
CACYBP -1.9049678 HNRNPUL1 -1.9309907 CDK13 -1.9600345 MMS19 -1.9820484 CGNL1 -2.0050403
0 -1.9054619 TBR1 -1.9310224 NVL -1.9600951 HSBP1 -1.9821254 GEMIN5 -2.0054387
LMAN2L -1.9063863 HIVEP3 -1.9314818 TBCC -1.9602896 TMEM57 -1.9822914 FAM113A -2.0055602
CSNK2B -1.9064456 PLAC8L1 -1.9321422 CLK2 -1.9603693 RAD21L1 -1.9827011 RFWD2 -2.0070695
PEX5L -1.9066089 CXCL12 -1.9322405 SLN -1.9611388 LIFR -1.9830922 CARD8 -2.0075442
DISP2 -1.9079538 LOC441666 -1.9328712 SERTAD2 -1.9612286 TMEM132A -1.9831773 DNAJC7 -2.0078438
GSG1L -1.9081123 TPGS1 -1.9336255 TTC31 -1.961478 PDE6H -1.983199 ZMAT4 -2.0100059
ZC3H14 -1.9081831 LOC100505519-1.9341023 CDK17 -1.9614907 PHLDB1 -1.9832902 RPPH1 -2.0110774
IP6K3 -1.9082057 TUBG1 -1.9349842 SLC39A10 -1.9618282 MAU2 -1.9833311 USP27X -2.011445
SNX21 -1.9083421 CXXC4 -1.9352404 PARP6 -1.9623002 LOC100147773-1.9837035 ZNF740 -2.0115547
MSL1 -1.9087849 0 -1.9360209 NFIX -1.9625729 SMAP1 -1.9838549 PRRX2 -2.0118178
RFXANK -1.9089935 KTI12 -1.9362461 ZRSR2 -1.9626927 DNM1 -1.9839585 MLLT1 -2.0132875
TMEM44 -1.9090579 LCA5 -1.9364426 LOC494558 -1.9629827 SLC45A1 -1.9842555 ZNF135 -2.0137379
C1orf52 -1.9094676 TSPAN2 -1.9366425 DUSP1 -1.9631289 ZNF143 -1.9846145 ASRGL1 -2.0141844
NUDCD1 -1.9096613 TRMT1 -1.9367518 STMN4 -1.9632711 TSC2 -1.9850229 CFLAR-AS1 -2.0144443
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MOSPD1 -2.0146803 ZNF675 -2.0413972 DUSP12 -2.0712118 CHMP6 -2.0988598 CHST12 -2.1286377
AEBP1 -2.0146955 LOC100506895-2.0414841 ZNF814 -2.071369 DPH5 -2.0993249 PQLC1 -2.1287166
KIAA0528 -2.0172354 CROCC -2.041841 FGF14-IT1 -2.0713861 LOC100506385-2.1000387 GOSR2 -2.1287645
PARP11 -2.0176345 RNASEH2A -2.0431421 C12orf68 -2.0714956 PMS1 -2.1014199 FAM57B -2.129133
PRRT3 -2.0181616 ATG10 -2.043371 WT1 -2.072013 FOXP1 -2.1015687 KIFC1 -2.1292363
KIF7 -2.0188774 RFPL1 -2.0440329 LOC100129726-2.0731973 ARHGAP33 -2.1024339 ZNF281 -2.1293843
HOXB2 -2.0189829 TRDMT1 -2.0444714 ZYX -2.073376 MGC57346 -2.1024517 CALM2 -2.1296186
CCNJ -2.0190678 ODZ2 -2.0457855 LRRN1 -2.0735209 ZRANB3 -2.103251 SIX6 -2.1311895
LANCL1 -2.0191163 FBLN7 -2.0458826 WDR17 -2.0736193 KIAA0430 -2.1037661 ZNF320 -2.1317709
GGT7 -2.0192045 FKBP8 -2.0463756 LOC100506247-2.0740125 PGLYRP2 -2.1039163 PTOV1 -2.1318478
CLCN5 -2.0193225 DKK2 -2.0466592 ZNF193 -2.0744607 A1BG -2.1047134 ZNF700 -2.1321123
ERBB4 -2.0204625 DCTN3 -2.0476551 PMVK -2.0747554 ZNF502 -2.1050507 TTC37 -2.132187
CKAP2L -2.0211964 TBC1D24 -2.0477254 HRH3 -2.0750662 PRCC -2.1052491 SERPINB7 -2.1324504
PCDHAC1 -2.0216432 LOC100130776-2.0477904 MYL9 -2.0751232 AZI2 -2.1057143 GEMIN7 -2.1327442
PCSK2 -2.0218375 SCARNA2 -2.0479747 MGRN1 -2.0757313 CCDC124 -2.1064174 DOK5 -2.1330739
PAAF1 -2.0221527 LHFP -2.0480997 PHF16 -2.0759561 CFL1 -2.1066868 PROK2 -2.1333303
DIEXF -2.0225532 CLEC4F -2.0495134 FAM98A -2.0768941 ADAM1 -2.1067967 KIAA1429 -2.133409
JAZF1 -2.022587 TADA3 -2.0500252 NDUFA11 -2.0779411 SIK2 -2.107079 SMYD3 -2.1339455
ZNF30 -2.0226486 ABCC4 -2.0516163 TMEM104 -2.078596 0 -2.1072905 FIGN -2.1358767
C11orf70 -2.0235116 LOC145783 -2.0518336 LOC100131316-2.0787953 CTPS2 -2.1098158 SLFN11 -2.1362727
CECR1 -2.0244496 HIPK1 -2.0518452 TUBB2A -2.0793261 ZNF44 -2.1108755 GNB3 -2.1369925
PSMC3IP -2.0246025 GLCCI1 -2.0525681 PTRHD1 -2.0802717 TCEA2 -2.1109124 C11orf68 -2.1374375
RAB3C -2.0248859 IRAK1BP1 -2.0528424 LOC100130705-2.0802846 PPIP5K2 -2.1110937 ZFP3 -2.1377715
RAI14 -2.0249018 PARP3 -2.0529719 DDX46 -2.0802983 ZNF611 -2.1111504 CSDC2 -2.1379494
RAB2B -2.0249897 LOC100506898-2.0546085 HDHD1 -2.08117 GSTA4 -2.1115083 ANKAR -2.1379841
LINC00545 -2.0251251 CWC15 -2.0549283 SLITRK1 -2.0813487 TTLL11 -2.1124631 TMEM132D -2.1386917
KRT34 -2.0254169 ZSWIM6 -2.05517 COPS4 -2.0813598 CEP128 -2.1133618 MGC12916 -2.1394333
CD69 -2.025568 LOC100506392-2.0553778 BRD8 -2.0815921 UBE2R2 -2.1135199 NRIP3 -2.1397699
ENO2 -2.0267004 ZBTB20 -2.0558251 PCDH17 -2.0816425 WT1-AS -2.1140584 COL6A6 -2.140485
P2RY8 -2.0274631 C9orf40 -2.0560518 KRT33B -2.082363 COL2A1 -2.1142759 CELF4 -2.1405798
USP9X -2.0274646 ANKRD26 -2.0573502 OSCP1 -2.082999 0 -2.1148464 CDH24 -2.1405986
HTRA4 -2.0275156 AMN1 -2.057634 QTRT1 -2.0834624 TMEM196 -2.1154088 BSDC1 -2.1419926
PSMD8 -2.028836 BTN2A1 -2.0579438 TAB2 -2.0836757 PIM2 -2.1156773 ZNF549 -2.1421076
KIF2C -2.0290258 CCDC50 -2.0590233 PCDHB8 -2.0840817 PCDHB12 -2.1161852 TMEM25 -2.1423901
ANKRD40 -2.0303306 SEZ6L2 -2.0590504 PSG1 -2.084479 PGM3 -2.1163025 ELAC1 -2.1444849
KANSL3 -2.0303735 EFHC1 -2.0592406 BNIP1 -2.0845549 ZNF132 -2.116645 ABCD2 -2.1448819
ZEB2 -2.0313349 RBFOX1 -2.0598064 MIR143HG -2.0865608 CDKL2 -2.1173947 CTR9 -2.1448965
DEPDC4 -2.0320813 PRADC1 -2.0598606 RBM15B -2.087606 NEUROG1 -2.118969 KIRREL3 -2.1452083
NEDD8 -2.0326504 THOC5 -2.0600787 DLG4 -2.0878832 FGD1 -2.1193964 TEAD2 -2.1455386
ARID1B -2.0327135 BLID -2.0605821 SPIN1 -2.0880655 LSM7 -2.1197924 LOC100507602-2.1462534
ARHGAP6 -2.0338735 SARDH -2.0616336 SUMO4 -2.0881102 EBF4 -2.1202077 ASXL1 -2.1472063
ZNF117 -2.0339576 ALKBH2 -2.064062 USP47 -2.0881427 SARS -2.1208616 C12orf73 -2.1474775
NDST3 -2.0340565 DYM -2.0640673 SNX2 -2.0886648 RAD17 -2.1210708 TNRC6A -2.1478926
SLC26A7 -2.0343831 STX10 -2.0641875 RUFY3 -2.0887393 HNRNPA3 -2.1215058 PGM2L1 -2.1482622
MEN1 -2.0344383 LYRM1 -2.0647417 GPN3 -2.089478 BRD3 -2.1217314 H3F3B -2.1493006
RAB6B -2.0348339 MAGI2 -2.0648653 CSF2 -2.0901307 SIGLEC11 -2.1221313 MAGEH1 -2.1498431
USP39 -2.0349054 PDE10A -2.06503 IL17RD -2.0906921 RBM8A -2.1229735 CDCA8 -2.150333
SLC17A7 -2.0361668 SORCS3 -2.065088 KCTD4 -2.0916494 DCAF12L2 -2.123133 FARSB -2.1507712
CCNG1 -2.036404 FAM200A -2.065431 LINC00094 -2.0919187 CCDC167 -2.1232324 FAM193A -2.1508847
LOC100507468-2.0364891 MRPS14 -2.0654363 ZNF140 -2.0922995 TLL2 -2.1239434 FAM101B -2.1514104
SH2D6 -2.0365111 PRKD3 -2.0668728 TIMM17B -2.0938958 RANBP17 -2.1240136 TMEM9 -2.1514733
TOMM5 -2.036828 CHRNA9 -2.067191 EVI2A -2.0939817 GPAM -2.1243279 KCTD19 -2.151918
SLC17A1 -2.037242 BAG6 -2.0685128 FNIP2 -2.0965504 PDE6B -2.1249877 RD3 -2.152498
MED29 -2.03792 FBXO11 -2.0686147 0 -2.0972336 LETM2 -2.1251354 ST7-AS1 -2.1527582
G0S2 -2.0384092 FITM1 -2.0688009 0 -2.0976938 SEC31A -2.1257411 RPL31 -2.1532571
HGF -2.0402104 SPIRE1 -2.0689127 ELMO2 -2.0979175 PCLO -2.125908 DCBLD2 -2.1535439
C19orf18 -2.0405526 GUCY1A2 -2.0693463 BHLHE22 -2.0983817 ZBTB5 -2.1280055 SRRT -2.1559331
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SYNPO2L -2.1591109 FHOD3 -2.1811152 CAMSAP1 -2.2089685 GALNTL2 -2.239274 SLMO1 -2.1286377
CELSR3 -2.1594628 C5orf46 -2.1823324 NEXN-AS1 -2.2100247 PLEKHA8 -2.2399688 ZNF780B -2.1287166
0 -2.1597715 MDH1B -2.1824387 SYCP1 -2.2107464 HGS -2.240594 KIF15 -2.1287645
MGC45800 -2.1599482 BRIP1 -2.1824506 ANKRD55 -2.2111691 SSBP4 -2.241065 DCLK3 -2.129133
TRPC4 -2.1604533 KIF4A -2.1827128 CDR2 -2.2114565 PPIA -2.2413371 CERK -2.1292363
LOC255480 -2.1622477 PLD3 -2.18274 EDA2R -2.2119369 FAM175A -2.2420032 WDR6 -2.1293843
PAPSS1 -2.1629688 ALS2 -2.1827833 GRIA4 -2.2120429 JMJD1C -2.242323 MARK4 -2.1296186
ELAVL2 -2.1635082 BRSK1 -2.1831006 MAGEL2 -2.2126669 0 -2.2427399 PDZRN4 -2.1311895
MAP7D2 -2.1637096 C10orf85 -2.183459 PXK -2.2128355 SYT4 -2.243005 OAZ2 -2.1317709
SART3 -2.1642618 APPL1 -2.1839717 SNX32 -2.2128539 CSNK1E -2.2430368 TTC9C -2.1318478
HIC1 -2.1643869 E2F3 -2.1842191 SH2B2 -2.2128566 GABRA1 -2.2432467 NF2 -2.1321123
C4orf22 -2.16464 ZCRB1 -2.184246 FLJ33360 -2.2135358 TFAP2B -2.2434093 RNASEH1 -2.132187
GPR12 -2.164738 CLNS1A -2.184532 IL11 -2.2136753 C19orf44 -2.243988 WDR70 -2.1324504
SFTA3 -2.1650558 PHF20 -2.1853351 TMTC4 -2.2153113 WDR13 -2.2446392 ZC3H12B -2.1327442
DEPDC7 -2.1650926 RGS16 -2.1854495 ZNF512B -2.2158927 CSRNP1 -2.2446434 LOC284276 -2.1330739
BCAS2 -2.1664253 TBC1D19 -2.1861851 LOC283731 -2.216205 GRIA1 -2.245339 ZNF41 -2.1333303
ASNSD1 -2.1664529 ZNF3 -2.1863262 EIF3M -2.2166034 RIMKLB -2.2464005 PRAC -2.133409
GPR116 -2.1666839 DNMT3A -2.1865329 PP12719 -2.2168457 LOC401431 -2.2466978 UBE2NL -2.1339455
CACNA1G -2.166835 HOMER3 -2.1868584 PRKAB1 -2.2183414 DDB1 -2.2467658 EIF2C3 -2.1358767
ZNF670 -2.1668736 PCDHB14 -2.1876998 JMJD6 -2.2184315 CACNA2D3 -2.2467797 ZNF668 -2.1362727
MORC2-AS1 -2.1669839 EIF1AX -2.1879756 CDH4 -2.2194723 CCDC85A -2.2471728 LOC100506831-2.1369925
LOC100506972-2.167289 FOXS1 -2.1882928 PREX1 -2.2196739 VCAM1 -2.2478398 MED13L -2.1374375
EMX2 -2.1675177 LOC100130503-2.1887688 LOC100505760-2.2199855 NOL10 -2.2482167 ZNF577 -2.1377715
HBBP1 -2.1678423 CABP7 -2.1897552 KISS1 -2.22011 MRI1 -2.2483268 TMEM55A -2.1379494
CACNB2 -2.1684015 BDH2 -2.1903085 DPYD -2.2237504 PTPN21 -2.2485336 GXYLT1 -2.1379841
PLCD4 -2.1687352 PRMT2 -2.1908115 RBFA -2.2237726 C18orf21 -2.2486882 ZNF2 -2.1386917
RAB11FIP3 -2.1688732 EBI3 -2.1916974 ARHGEF25 -2.2242621 MYOM1 -2.2493809 BEND7 -2.1394333
EMID2 -2.1690192 SH2D5 -2.192006 CORIN -2.224588 PDE6D -2.2494763 INTS4 -2.1397699
SYNCRIP -2.1693771 KAT6B -2.1929124 UBE2N -2.2246457 PHTF1 -2.24956 CLEC4A -2.140485
PRKAG2 -2.1697957 UBR7 -2.1933688 FAM176B -2.224836 PTTG1IP -2.2495717 HMGN4 -2.1405798
SNCB -2.1700009 ALPL -2.1940415 FGF14 -2.2252228 LINC00515 -2.2496791 TAF1B -2.1405986
CXXC1 -2.1703647 KDM2B -2.1941758 EIF1B -2.2255549 CEP78 -2.2505281 TNNT2 -2.1419926
ICA1L -2.171239 SCARF1 -2.1950755 MEIS3 -2.2258831 FXR1 -2.2510293 GEM -2.1421076
PENK -2.171306 ZRANB2 -2.1958151 ECI2 -2.2294692 FLJ42709 -2.2518952 TNKS -2.1423901
ADAMTS10 -2.171837 AGTPBP1 -2.1968356 SCG2 -2.2295363 SLC25A20 -2.2523747 CLVS1 -2.1444849
SYNPO2 -2.1722931 ROCK1 -2.1979098 C21orf58 -2.2296831 FAM50A -2.252582 SEC22B -2.1448819
ZBTB44 -2.1725914 IP6K1 -2.1981656 DEAF1 -2.2324857 KRBA1 -2.2528596 LHX2 -2.1448965
EXOC7 -2.1729055 CCDC22 -2.1998644 NACAP1 -2.2328466 EDNRA -2.2534944 NEUROG3 -2.1452083
0 -2.1739058 KDM5C -2.2000057 C7orf31 -2.2329871 PTPRN2 -2.2535618 MAPT -2.1455386
C3orf51 -2.1742871 ANO6 -2.200117 ANGEL2 -2.2330983 MTMR7 -2.2551755 C4orf26 -2.1462534
FGF10 -2.1745206 LOC730098 -2.2001229 MFAP2 -2.2332204 MIAT -2.2560579 METTL9 -2.1472063
LOC100507226-2.1749375 C17orf70 -2.2001873 ZNF449 -2.233395 NME1 -2.2562274 RPGRIP1L -2.1474775
CHEK1 -2.1751624 CASC3 -2.2015789 HUWE1 -2.2338911 STRADA -2.2577192 PTGER3 -2.1478926
TXNL4A -2.1759276 C9orf123 -2.2028126 PUS3 -2.2340902 EIF2B4 -2.258029 SCN3A -2.1482622
DLL3 -2.1764096 UBE2E1 -2.2032631 HS3ST3A1 -2.2342159 MEAF6 -2.2592432 EFNA5 -2.1493006
C3orf80 -2.1767542 CALM3 -2.2037886 KIAA1644 -2.2345848 LOC100507433-2.2596128 AVIL -2.1498431
UQCC -2.1768719 FAM184A -2.2038913 SPIN3 -2.2348253 PEAK1 -2.2610128 KRTAP1-5 -2.150333
NEFM -2.1773902 BMP5 -2.2040331 PHOSPHO1 -2.2352495 TIMP2 -2.2614425 AARSD1 -2.1507712
SYNRG -2.1780786 LOC441179 -2.2044274 HOXB-AS5 -2.2354436 GLMN -2.2620991 KIAA1826 -2.1508847
PROK1 -2.1784156 KRBA2 -2.2047441 ZNF626 -2.2354961 FGF1 -2.2625792 RFXAP -2.1514104
SLC25A3 -2.1785605 C19orf43 -2.2048594 TSSC4 -2.2356934 QSER1 -2.2627622 PPIL3 -2.1514733
KCNS2 -2.1788407 BMP2K -2.205669 ARHGAP28 -2.2363872 HTRA2 -2.2643362 ZNF397 -2.151918
CDC5L -2.1791528 WDR7 -2.205734 ABCC9 -2.2366477 CDC14A -2.264661 MKS1 -2.152498
NDUFB11 -2.1798056 FAM122C -2.2061612 CCDC80 -2.2371921 LOC100133985-2.264866 VSTM4 -2.1527582
ISLR2 -2.1802141 ZNF496 -2.206492 DPH3 -2.2382405 ACTC1 -2.2648781 ZNF137P -2.1532571
P4HA3 -2.1803139 RASL10A -2.2067072 SCAMP5 -2.2383343 GABPA -2.2651905 ANAPC13 -2.1535439
NKX2-2 -2.1805438 AGPAT5 -2.2078499 INHBA -2.2387548 POU4F2 -2.2654876 CHST7 -2.1559331




Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
ARID1A -2.2985404 CCDC107 -2.3309162 TMEM198 -2.3614177 RNF11 -2.3885199 SOGA2 -2.4191369
GPR88 -2.2987261 OLFM3 -2.3317476 CCT3 -2.3618789 C19orf53 -2.3891469 PCDHGC3 -2.4192848
TXNRD2 -2.2988033 ZCCHC7 -2.3319841 PRKAR2B -2.362323 PRRX1 -2.3897367 ZNF771 -2.4205151
THSD7A -2.2994403 PSTPIP1 -2.3327733 PMF1 -2.3623977 TCEB2 -2.3897501 DRP2 -2.4210985
CCT7 -2.2999473 SH3GL3 -2.3328758 TSHR -2.3630468 UACA -2.3905898 LOC100128640 -2.42113
TBX15 -2.3008284 LOH12CR2 -2.3333827 ELTD1 -2.363438 MSL3 -2.391458 FKBP3 -2.4218534
RBBP4 -2.3017011 SLC7A3 -2.3339359 BACH2 -2.3636062 HIRIP3 -2.3915548 EGOT -2.4219434
LOC100130938-2.3026944 RXRB -2.3343079 RGNEF -2.3665667 EYA3 -2.3917068 IK -2.4219851
NDUFS4 -2.303249 CCDC15 -2.3349048 UNC79 -2.3668301 OGN -2.3923318 NASP -2.4228055
COG1 -2.3036825 ZNF107 -2.3350245 RWDD3 -2.3672145 DSE -2.3926795 SIRT1 -2.4231707
MEX3D -2.3041069 PSMD4 -2.3356309 MXD3 -2.3679467 LOC282997 -2.3930992 SPEG -2.4232445
41884 -2.3062895 PLIN2 -2.3358827 RCOR3 -2.3693072 LOC441204 -2.393939 C4orf27 -2.423277
ANKRD33B -2.306669 SHC2 -2.3375061 MEOX1 -2.3695528 KLHL29 -2.3961775 C14orf159 -2.4234234
TSPAN9 -2.306945 ATRNL1 -2.3377003 RNF144A -2.3696254 RPL27A -2.3972983 SRSF1 -2.4234295
GNA12 -2.3069787 TMX3 -2.3380704 ANKDD1A -2.3709286 PNMA1 -2.3974008 FLI1 -2.4236646
PPP1R1A -2.3074545 SLC34A2 -2.338598 BIRC5 -2.3713421 DAPK3 -2.3974996 C1QTNF4 -2.4237216
MALT1 -2.3078741 AHDC1 -2.338831 C14orf118 -2.3713847 ISL1 -2.3979359 MYOD1 -2.4250111
TGM2 -2.3080861 LARP6 -2.3388534 UBE2E2 -2.3714631 AUTS2 -2.3980577 RAB8B -2.4256843
CDK15 -2.3088538 C9orf38 -2.3389969 CCNI -2.3728093 EFTUD2 -2.3989967 SRSF2 -2.4264076
LOC100505622-2.3093791 FARSA -2.3394126 METAP2 -2.3729943 ACTN2 -2.399078 KCND1 -2.4268453
INSC -2.309998 CD93 -2.3397094 SKIV2L2 -2.3731854 LRRC20 -2.3995395 LAS1L -2.4284359
ZFR2 -2.3105914 KRTAP2-2 -2.3403732 CEP57L1 -2.3733404 ZNF677 -2.3995713 KBTBD4 -2.4285241
MPP2 -2.3112553 TIGD7 -2.3416897 PCBP3 -2.3735967 SMG6 -2.400531 ABL2 -2.4290798
NCOR2 -2.3122209 BCLAF1 -2.3417514 GPC4 -2.3739099 HEG1 -2.4009185 CACNB3 -2.4296891
NXPH2 -2.3131267 PBRM1 -2.3426907 RBM7 -2.3740229 CYR61 -2.40159 JMJD5 -2.4301074
USP33 -2.3137414 STARD13 -2.3441491 PRR11 -2.3748393 GALK1 -2.402789 RIMS2 -2.4304001
ARL6IP6 -2.315219 PLEKHG4B -2.3447943 TRNAU1AP -2.375849 CAPZB -2.4032595 NDUFA12 -2.4313244
RIMS4 -2.3156087 ELFN2 -2.3468992 AKIP1 -2.3767952 RARS2 -2.403734 TWIST1 -2.4315994
NOVA1 -2.3156925 SOX17 -2.3471641 CERCAM -2.3769258 MAP1S -2.4039262 ZIK1 -2.4318897
MSH2 -2.3157885 LOC100130856-2.3476941 UNC80 -2.3771233 PNRC2 -2.403953 TEAD1 -2.4321517
ZNF343 -2.3162056 41701 -2.3480413 RNF34 -2.377275 DHX9 -2.4042653 CIC -2.4336462
RASSF8 -2.3164051 SH3BGRL -2.3488524 ELOVL2 -2.3781109 FAM117A -2.4049649 APH1B -2.4343964
ZSCAN12 -2.3167442 LOC100507448-2.3495047 ABCA3 -2.3781758 ESD -2.406727 KCNAB3 -2.4349825
GEMIN8 -2.3180072 VASN -2.3506567 ZNF764 -2.3783197 LOC400657 -2.4067727 GKAP1 -2.4351548
ASPHD2 -2.3185149 TRIL -2.3507469 DOCK7 -2.3790264 PAK3 -2.4080385 ESRRG -2.4352453
MIR155HG -2.3192625 ZNF207 -2.3510616 KAAG1 -2.3790499 PABPC5 -2.4081489 0 -2.4353983
ST6GALNAC5-2.3194236 C19orf69 -2.3510976 RASL10B -2.3790612 LINC00256A -2.4085295 KIAA1009 -2.4363019
RASSF4 -2.3198892 UCP2 -2.3514021 LOC339803 -2.3796598 CLTA -2.4094518 DPYSL4 -2.438055
GLT8D2 -2.3200951 ZCCHC3 -2.3517162 C8orf34 -2.3807614 NUMBL -2.4111801 CNTFR -2.4381653
ZNF407 -2.3201776 PIK3C3 -2.3518664 TCEAL4 -2.3815813 LSS -2.4118327 GUCA1A -2.4388713
LOC100506498-2.3209148 ANKRD1 -2.3522084 LOC100507257-2.3819455 DAND5 -2.4118602 LOC100507094-2.4388715
RBBP7 -2.3218245 TNFRSF17 -2.3528404 FAM171A2 -2.3835409 CCDC82 -2.4121236 NOX4 -2.4404338
ZNF462 -2.3221204 DDHD2 -2.3540313 C6orf162 -2.3835514 OSCAR -2.4131702 HDAC9 -2.440791
C1orf186 -2.3235376 SAFB -2.3545158 APEX1 -2.3845065 PAPPA -2.4135804 PVRL3-AS1 -2.441871
SNX29 -2.3243256 LOC386758 -2.3550489 SLC8A3 -2.3852407 RAPSN -2.4135987 PPP2R5B -2.4443569
FLJ41350 -2.3255549 TPRKB -2.3552854 SPON1 -2.3853944 CHST14 -2.4137256 GSG1 -2.4446805
TLX3 -2.3268872 BIRC2 -2.355689 ENO3 -2.3857367 KLRG1 -2.4149329 FRMPD3 -2.4448227
KCNU1 -2.3270565 RASSF2 -2.3563903 AQP1 -2.3862656 CDC42EP3 -2.4153924 LINC00471 -2.4448794
MOCS1 -2.32722 CDC34 -2.3565204 C13orf33 -2.3863122 RPLP2 -2.4154213 CAMK4 -2.444997
CCT6A -2.3272853 NPY2R -2.3575709 ANO5 -2.3863211 MACROD2 -2.4155963 RCAN2 -2.4450944
RAP1GDS1 -2.3275311 PHAX -2.3579882 SLC6A16 -2.3865062 LOC100507160-2.4160945 GADD45GIP1 -2.4452087
NHP2 -2.3275998 DCAKD -2.3582912 CCNY -2.3865581 H2AFV -2.4161961 ADSL -2.4461824
EMILIN1 -2.3284629 MKI67IP -2.3585255 PCDH18 -2.3870977 MSTN -2.4162937 PTRF -2.4462578
FAM26F -2.3288683 DDX49 -2.3606561 CDKN2A -2.3871762 ZNF565 -2.4169724 UNK -2.446502
C11orf41 -2.3291499 RRAGA -2.3609165 TBL1X -2.387371 RNF25 -2.4169809 TMEM132B -2.4475466
PPP2R1A -2.3303277 ADRBK2 -2.3610555 CHRNA3 -2.3874551 LOC100133612-2.4173288 ITFG2 -2.4485882
NRXN1 -2.330355 MYT1 -2.3613619 MAST2 -2.3880994 LOC100505573-2.4179224 LINGO1 -2.4489928
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NACA -2.4495508 LOC100128590-2.4971571 RAMP2 -2.5351269 KIF26A -2.5751308 SIX3 -2.6169686
NGFRAP1 -2.4496269 MIER1 -2.4999779 APBA1 -2.5351275 PTN -2.575211 APPBP2 -2.6175822
DGUOK -2.4524441 XIRP2 -2.5005758 UBA52 -2.535688 RAB40B -2.5754953 TMEM59L -2.6179257
EZH1 -2.4529179 ERI1 -2.5006091 C10orf25 -2.5362539 LOC100507634-2.5755143 PDE1A -2.6180943
OLFML2B -2.4532632 HMGB2 -2.5010084 FAM110B -2.5380321 LOC284648 -2.5758432 ZFP2 -2.6184397
SBK1 -2.4550175 MGC4294 -2.5034282 C4orf49 -2.5382998 LIN28B -2.5777812 HBD -2.6184693
TOP2B -2.4584029 EPHB1 -2.5048861 PDE4DIP -2.5405587 LOC572558 -2.5785448 ZNF234 -2.6192883
WSCD1 -2.4588928 ATAT1 -2.505259 HOXD-AS2 -2.541195 SLC8A2 -2.5788678 ACVR2B -2.6203833
FEZF2 -2.4590291 SCARF2 -2.5054909 CALD1 -2.5413454 ZNF253 -2.5788679 ENHO -2.6204733
DDX25 -2.4599828 WDFY3-AS2 -2.505629 ARMC6 -2.5416404 JUND -2.5808055 ZNF527 -2.6204914
TBL1Y -2.4601285 ADAMTS9 -2.5056958 FIZ1 -2.5419939 CCDC136 -2.5809398 CHD5 -2.6209732
SULT4A1 -2.4611398 GNAZ -2.5057727 PPM1E -2.5422504 LOC284440 -2.5816222 KLHDC8A -2.6216596
MTMR9 -2.4619938 WARS2 -2.5060512 BBS10 -2.5426416 SH2D3C -2.5825648 LOC157627 -2.6218309
APPL2 -2.4621658 CLP1 -2.5061993 YPEL5 -2.5437205 FN1 -2.5827307 CCDC147 -2.6219132
ZNF197 -2.4642391 DTNA -2.5071068 MSH6 -2.5441018 IGFN1 -2.5839525 CAMK1 -2.6221976
FAM212B -2.4654767 SON -2.5079418 AAAS -2.5443247 COL4A1 -2.5856664 UNC5A -2.6224577
GNPDA2 -2.4663714 MYPN -2.5085923 PDZD11 -2.5448334 LZTS2 -2.5857821 PCGF2 -2.6226198
DPF2 -2.4672279 LOC100287216-2.5089471 ZNF239 -2.544943 RFX3 -2.586138 NTNG2 -2.62326
RAB23 -2.4681965 GPKOW -2.5100211 C1orf54 -2.5451252 ARHGAP31 -2.5867067 C12orf57 -2.6238195
RAF1 -2.4685547 TNFAIP6 -2.5100965 ZNF69 -2.5464058 GLO1 -2.5871505 ADAMTS8 -2.6261803
LOC285954 -2.4707639 FNDC1 -2.5124188 PHKG1 -2.5474092 COX11 -2.5873339 GAMT -2.6267777
CNKSR2 -2.4717706 KXD1 -2.5128327 CEP112 -2.547425 PPIH -2.5880464 THYN1 -2.6271653
FLJ22184 -2.4741428 FKBP1A -2.5129823 HOXD9 -2.5475018 SHOX2 -2.5904221 ZNF441 -2.6273813
GPANK1 -2.4744386 PXMP2 -2.5143454 PLEKHA8P1 -2.5479077 VEPH1 -2.5909281 SLIT3 -2.6281876
LOC100507043-2.4747205 PSMD13 -2.5144411 TMEM160 -2.5483663 TAGLN -2.5921493 BTG4 -2.6286129
RRM1 -2.4747352 HHAT -2.5154257 NFU1 -2.5489054 IFFO1 -2.5927673 WDR86 -2.6287854
HNRNPC -2.4747747 DYNC2H1 -2.516202 REEP1 -2.5511562 B3GNT1 -2.5951593 RCN3 -2.6293753
CADM1 -2.4748919 KCNA3 -2.5164928 LOC100379224-2.5526676 PLCXD1 -2.595407 DPY19L3 -2.6295635
TBC1D25 -2.4754415 FAM163A -2.5166322 LOC100507311-2.5529449 FAM19A5 -2.5956615 KLC1 -2.63041
RHBDL3 -2.4772562 FAM59B -2.5170175 RBM12 -2.5542605 KATNA1 -2.5957204 UROD -2.6305524
CLDN16 -2.4787319 MSR1 -2.5170748 ZNF280B -2.5546304 ST3GAL3 -2.596069 EID1 -2.6324154
CAMK1G -2.4789937 LARS -2.5173275 LOC100499489-2.5550363 ZNF681 -2.5974255 NFASC -2.6326506
CRABP1 -2.4794678 RRAS2 -2.5179217 WASF3 -2.5559445 ZNF536 -2.5979853 AXL -2.633543
PSMC4 -2.4809891 CA10 -2.5183251 SIAH3 -2.5565621 PTH1R -2.598444 ADD1 -2.6337154
DGKI -2.4817835 DCDC2 -2.519513 C1QTNF2 -2.5567199 COL11A1 -2.5985718 FBL -2.6347586
NXF1 -2.4820006 CLGN -2.5196854 STX1A -2.5569923 ProSAPiP1 -2.5994246 ZW10 -2.6355954
PAM -2.4823374 SFRP1 -2.5209086 KIRREL2 -2.5573746 MED28 -2.5995345 SHC3 -2.636148
CD2BP2 -2.4832487 ZNF883 -2.5210049 COQ5 -2.5589635 MIR600HG -2.5996965 SMC1A -2.639191
PRPH2 -2.4833115 POU4F1 -2.5214399 FIBIN -2.5603717 NICN1 -2.6001532 PID1 -2.6392253
MICAL1 -2.4843788 LOC100287616-2.5217297 LOC283392 -2.5618777 ASXL3 -2.6001813 APBB2 -2.6392939
ADH5 -2.4852465 CYLD -2.5231257 B4GALNT4 -2.5629699 SMARCC1 -2.6006034 LIN37 -2.6407832
C7orf10 -2.4852964 RASL11B -2.5244406 CASKIN1 -2.5629859 DOK3 -2.6019922 CALCB -2.6412539
NNAT -2.4864773 GLDC -2.5249154 ZNF385D -2.563577 FAM89B -2.6041704 LOC643923 -2.6418028
SRSF3 -2.4868551 ZNF180 -2.5256199 ZNF227 -2.56497 PLCG1 -2.6043263 POLR3B -2.642169
MIB1 -2.4869542 ZSCAN2 -2.5266152 R3HDM1 -2.5651556 CCDC76 -2.6058943 PRPSAP1 -2.6422014
LOC100507563-2.4871993 LOC100505650-2.5283961 ZSWIM3 -2.565663 CSF3 -2.6071076 SEZ6 -2.6423869
SALL1 -2.4875753 LTN1 -2.5290472 IL21R -2.5659759 UBE2J2 -2.6077397 SGTA -2.6424651
SOCS5 -2.4892373 UHRF1BP1L -2.5293267 ZBTB8B -2.5666427 SPOCD1 -2.6079882 PPP2R5D -2.6430976
FAM65C -2.4894322 MAGI2-AS3 -2.529516 MAP1A -2.5668828 PHACTR4 -2.6092407 LHFPL4 -2.6439619
UBE2QL1 -2.4904166 ZNF490 -2.5301947 ANTXR1 -2.5672753 MYBL1 -2.6096777 RIOK2 -2.6440606
BEX2 -2.4912448 CD70 -2.5302061 HLF -2.5679545 HINFP -2.6099378 ILK -2.6444382
CHST2 -2.4914471 TCEAL8 -2.5304329 MRPS6 -2.5697926 PAX6 -2.6109279 CSTF3 -2.6446164
NCKAP5L -2.4926045 ANKRD34A -2.5306026 CGGBP1 -2.5699521 JAK1 -2.6112323 CRIP2 -2.6451975
WIPI2 -2.4926784 DET1 -2.5310236 SAE1 -2.5713593 RSF1 -2.6118824 GNG11 -2.646399
DCTN1 -2.4945657 PLAGL1 -2.531318 ABCC8 -2.57157 PEG10 -2.6136987 ZNF596 -2.6478254
TRIM36 -2.4947867 ZNF678 -2.5316019 ZCCHC5 -2.571895 POU6F1 -2.6137143 NAA40 -2.6482679
LOC375295 -2.494853 CKAP5 -2.533047 SSBP2 -2.5721215 SPHKAP -2.6145714 NAALAD2 -2.6486502




Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
CLRN1-AS1 -2.6495543 PFDN2 -2.6943219 PCDH10 -2.733819 PQBP1 -2.775859 YAE1D1 -2.8152497
NFIB -2.6509293 TPR -2.6952331 TMEM91 -2.7338982 ALYREF -2.7763268 MFGE8 -2.8154327
VGLL2 -2.6510088 COL19A1 -2.6963372 PDE1C -2.7339244 WNT5B -2.77689 ANKS3 -2.8161077
WDR82 -2.6518714 TNS1 -2.6981544 HDHD2 -2.7342478 C11orf57 -2.7787076 ELOVL4 -2.8171254
LOC100505797-2.6559373 ZNF251 -2.6982379 UBE2G2 -2.7344972 C16orf92 -2.7798934 TBPL1 -2.8189469
KDM3A -2.656043 BSN -2.6988082 NCS1 -2.7352458 B9D2 -2.7802148 HNRNPA1 -2.819109
TMEM130 -2.6567776 PWWP2A -2.6990701 SYNC -2.7359609 ZNF649 -2.7804663 ZNF182 -2.8203507
USP30 -2.6569544 NKAIN4 -2.6991235 SMARCAD1 -2.7383519 MCART6 -2.781805 CDK4 -2.8209972
SCN5A -2.6569735 TLN2 -2.6995873 ADNP2 -2.7384696 ZNHIT6 -2.7820627 ODZ3 -2.8218152
DBC1 -2.6571747 CNN1 -2.7023181 RIPPLY2 -2.7391118 NSF -2.7828494 DDX26B -2.8222008
BABAM1 -2.6578618 TFE3 -2.7040575 OXTR -2.7399843 DCAF12L1 -2.783105 MPP6 -2.8222172
ZNF514 -2.6587809 LOC100505971-2.7051236 NRSN1 -2.7415364 ZNF781 -2.7843344 PRR16 -2.8244441
ZNF300 -2.6595806 LOC283481 -2.7055149 DAXX -2.7419138 SMARCD3 -2.7847452 BRE -2.8274652
C2orf68 -2.6596504 C5orf24 -2.7073757 ZNF510 -2.7426785 CLUL1 -2.7848636 TRA2A -2.8277213
UBA1 -2.6596824 C1orf133 -2.7081208 NLRP11 -2.7442677 PRKCE -2.7849598 VPS37D -2.8317899
VAMP4 -2.6606324 LOC100507265-2.7082221 ATP5SL -2.7447504 PAFAH1B3 -2.785073 ANGPTL2 -2.8319156
PPP2R3C -2.6609893 SNRPA -2.7082836 CCP110 -2.7448852 LOC100506059-2.7857319 SLC17A8 -2.832264
DOCK3 -2.6625195 CORO1A -2.7086031 BPTF -2.7451688 NHLH1 -2.7870896 NID2 -2.8323104
SAMD3 -2.6626837 KIRREL -2.7087192 FAM104B -2.7464707 LOC100288911-2.787651 MAMSTR -2.8334701
KCTD2 -2.6642212 TSC22D1-AS1-2.7100363 AFAP1 -2.7470871 IGDCC3 -2.788651 CHERP -2.8335017
ALG9 -2.6646725 LOC389906 -2.7115323 WRB -2.747703 TBC1D9 -2.7892519 SMAD5 -2.8336923
KCNH7 -2.6652038 CCDC88A -2.7118579 CRLF1 -2.7481291 TUBB6 -2.7908378 NHLH2 -2.8340669
PDCD1LG2 -2.6653202 ZNF331 -2.7142722 ELOF1 -2.7510876 CDC42 -2.7913844 PCM1 -2.8342452
LOC100506238-2.6653629 HSF2 -2.7155849 MRPL33 -2.7518133 C6orf123 -2.791832 CD248 -2.8354036
GNAT2 -2.6654428 KIAA2022 -2.7157391 FRS3 -2.7530384 NYNRIN -2.7927209 HAND1 -2.835541
EMX2OS -2.6659316 C7orf41 -2.7161947 RASA1 -2.753919 MRPS21 -2.7946989 ZNF571 -2.8373655
GNB1 -2.6669306 C10orf88 -2.7163508 AP3B2 -2.7544674 NPPB -2.7974403 ZNF248 -2.8380942
STC1 -2.6699553 NOL4 -2.7164562 PALM3 -2.7546565 NDUFB6 -2.7977582 CCL2 -2.8400091
CAHM -2.671267 PHOX2B -2.7165475 PCDHAC2 -2.7554396 NUDT10 -2.7986287 MAPK8IP2 -2.8404236
LOC728052 -2.6718019 NUDCD3 -2.7167308 GREM1 -2.7568925 DHX40 -2.7992292 FAM114A2 -2.8408966
B4GALT2 -2.672275 FBXL2 -2.7174011 VPS72 -2.7580156 LOC100507372-2.7993249 TSPAN11 -2.8417217
WIZ -2.6724361 SKA2 -2.7175698 PPFIA2 -2.7600113 IPO7 -2.7999333 DEM1 -2.841867
KIAA0922 -2.6742613 KCNIP1 -2.718143 EML5 -2.7605311 FKBP1B -2.8009862 FBXL21 -2.8419764
LINC00478 -2.6750098 DYNC1LI1 -2.7186289 SLC7A14 -2.761628 EIF3G -2.8012319 SERPINE1 -2.8427174
HCG18 -2.67538 NTF3 -2.7188052 GNG3 -2.7622167 DYRK3 -2.8013978 LDB2 -2.843431
COPS7B -2.6758613 TNNI1 -2.7204162 SBF2 -2.7632997 SYP -2.8014429 C20orf194 -2.8439882
GATAD2B -2.6759465 FLRT1 -2.7213915 ROR1 -2.7634867 CCNYL2 -2.8017921 SNRPE -2.844343
PITX3 -2.676814 BICD1 -2.7221082 FYN -2.7645796 CENPF -2.8024716 CYFIP2 -2.8448947
NEUROD6 -2.6771639 CHODL -2.722179 FOXG1 -2.7650651 C8orf31 -2.8026133 RP1 -2.8451147
IKBIP -2.6779389 FAM43B -2.7230136 FKBP5 -2.7653759 ACTG1 -2.8030465 SYNDIG1 -2.8451571
CCDC130 -2.6782938 KIAA1456 -2.7234608 RAB24 -2.7660606 TSPAN4 -2.8036628 GAL3ST3 -2.8456214
ZBTB47 -2.6783606 NBLA00301 -2.7242949 HMX2 -2.766086 WWC2 -2.8042555 YEATS2 -2.8461176
ADAM22 -2.6790352 BIVM -2.7245155 BOC -2.7663258 ZNF625 -2.8046525 CA11 -2.8462512
ZNF669 -2.6808298 ZBTB17 -2.725375 SYN1 -2.7666342 UIMC1 -2.8047998 ARMCX4 -2.8474369
GRIK5 -2.6816942 COL1A2 -2.7261101 LPIN1 -2.766737 CCNG2 -2.8058306 AKNAD1 -2.8477871
AASDHPPT -2.6819326 ARL6IP4 -2.7261866 ASB8 -2.7668985 MED16 -2.8067941 SHISA3 -2.8488631
ZNF302 -2.682276 ANPEP -2.726221 PRICKLE2 -2.7671257 TLK2 -2.8071057 FADS1 -2.8493746
SIM1 -2.6845953 ZNF346 -2.7263895 SMARCD1 -2.7675503 CNPY4 -2.807428 MYOZ3 -2.8498636
WHSC1 -2.6850314 UBE3D -2.727026 AANAT -2.76801 HDGFRP3 -2.8080736 SPOP -2.8508541
SOCS1 -2.6864426 EDIL3 -2.7284096 DOCK4 -2.7691848 SUPT3H -2.8095978 QKI -2.8508748
PIP4K2B -2.6871025 PRDM4 -2.7299297 ZNF493 -2.7711598 RAB11FIP5 -2.8096085 ORC4 -2.8511777
ST8SIA3 -2.6899553 ZNF594 -2.7302493 TCF12 -2.7712259 PEA15 -2.8097946 ZMAT1 -2.8518399
FAM54B -2.6909116 NPY -2.7314271 KCTD17 -2.7714547 ST3GAL2 -2.8098236 MGC16703 -2.8539821
REC8 -2.6917255 HDAC2 -2.7320736 LOC148189 -2.7730577 PSTK -2.8099707 RABAC1 -2.8540508
41890 -2.6925423 WDR47 -2.7326077 FHL3 -2.7742084 C8orf48 -2.8126875 KBTBD8 -2.856087
ARMCX3 -2.6928399 POLA2 -2.7326512 APAF1 -2.7743792 CHGB -2.8128734 BMPR2 -2.8563429
YY1AP1 -2.6928901 SCLT1 -2.7333786 HS3ST4 -2.7746185 DMAP1 -2.8136318 ZCWPW2 -2.8564654
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HUNK -3.1134513 C14orf23 -3.1587269 RGS3 -3.2056175 LOC642852 -3.2654195 GRIA2 -3.3334846
WDR54 -3.1158039 GLT8D1 -3.1591668 KPNA5 -3.2063968 FAM118B -3.2660879 ZNF585B -3.3356184
WDR92 -3.1163017 TRAC -3.1598794 FSTL1 -3.2090496 SH3BP5L -3.2671462 REEP2 -3.3373173
BEND5 -3.1164521 POLI -3.1608946 INSM2 -3.2096233 ELFN1 -3.2676434 NUAK1 -3.3380499
LAG3 -3.1172463 NTRK1 -3.1619842 TRIM44 -3.2131503 LOC729970 -3.2678796 HN1 -3.3396758
IPO9 -3.1173989 GCFC1-AS1 -3.1639133 KCNJ8 -3.2134769 DLK1 -3.2689575 PPP2R3A -3.3407001
SMU1 -3.1179547 GPRIN1 -3.1643887 TBCEL -3.2152827 LOC283070 -3.2717545 ANKRD13A -3.3417974
LOC100128288-3.1180071 ARMCX1 -3.1647551 CSRNP3 -3.2166229 SUMO1 -3.2720554 PRKCA -3.3426685
DOCK2 -3.1188387 ZNF134 -3.1648268 C3orf18 -3.2193568 TIAM2 -3.2734512 DKK3 -3.3429655
THAP8 -3.1197254 MYL4 -3.1651851 LOC100506941-3.2199852 CCDC102A -3.2753903 POLH -3.3447466
CPT1C -3.1199171 IGF2BP1 -3.165504 CBS -3.2205379 FBLL1 -3.2774781 KAL1 -3.3481276
GABRB2 -3.1209992 ZNF334 -3.1656494 ZNF673 -3.2218369 RFPL1-AS1 -3.2796759 GPR124 -3.3522836
SYN2 -3.1213993 UBE2D2 -3.1677074 ARL4C -3.2221409 THBS4 -3.2812533 ZNF713 -3.3525677
IFT52 -3.1215596 INSM1 -3.1686989 LOC100127983-3.2229898 UBE2D4 -3.285565 GNGT2 -3.3527133
DPYSL3 -3.1225138 HAPLN1 -3.1709576 SPOCK1 -3.2245585 SMAD4 -3.2865342 SAMD14 -3.3532803
TET1 -3.1233967 NLGN4X -3.1719785 MLLT11 -3.2270522 NMT1 -3.2874953 ZNF615 -3.3538443
PAF1 -3.1252525 STMN2 -3.1723592 ZNF91 -3.2277685 C14orf135 -3.2888467 BEND6 -3.3576634
ST6GALNAC6-3.1258498 ZNF271 -3.1727084 SLC36A4 -3.2291277 HEATR6 -3.2889127 HABP4 -3.3584348
C11orf73 -3.1268349 ZNF345 -3.1730885 ZNF426 -3.2295905 SAMD11 -3.2900408 ZNF48 -3.3591086
PPP1R17 -3.1275058 TMEM151B -3.174472 ZNF579 -3.2298097 NDUFV3 -3.2903696 SNAP91 -3.3593832
PDGFRB -3.128179 EBF1 -3.1745682 ZNF711 -3.2303584 RAB33A -3.2925867 PAK7 -3.3635915
S100PBP -3.1287339 CAP2 -3.1757973 SETMAR -3.2307022 STAC -3.2935609 FAM26E -3.3637882
WDR77 -3.1295446 LPIN2 -3.1763624 PCDHB10 -3.2322478 MICAL2 -3.2939465 HAND2 -3.3645311
GNB4 -3.1308053 ENAH -3.177498 COL5A1 -3.2327348 PLCB4 -3.2956833 RHOBTB1 -3.3673316
PHF13 -3.1322287 MYL6 -3.1805462 LEPREL2 -3.2333187 OTX2OS1 -3.2960589 ZNF566 -3.3675138
ARHGEF9 -3.1324081 LPAR4 -3.1810482 C12orf51 -3.234449 ZFP1 -3.2967015 C6orf225 -3.3678353
PPP3CB -3.1329769 MAMLD1 -3.182467 ZNF506 -3.2375511 DACH1 -3.2969459 ZNF643 -3.3685522
LOC100289092-3.1333702 LOC284408 -3.1825003 FBXW11 -3.2394902 PICALM -3.2970455 HDAC5 -3.3705651
TLX2 -3.134378 ZNF570 -3.1831939 CCBE1 -3.2421993 TMEM178 -3.2978295 MMD -3.3709175
RIC8A -3.1344509 CREB5 -3.1852951 SMARCAL1 -3.2422174 ANK2 -3.2991792 SH3RF3 -3.3713003
SLC39A13 -3.1346057 PABPC4L -3.1884245 AP4M1 -3.2428304 GPR162 -3.3000493 DOK6 -3.3717812
CACNA2D1 -3.1355935 ZIM2 -3.1889317 CEP44 -3.2454646 DPYSL2 -3.3012672 PDGFRA -3.3739997
LOC100506757-3.1366111 LRRC17 -3.1889852 NKIRAS2 -3.2457193 ATOH8 -3.3043979 CDK14 -3.3774602
ARHGAP19-SLIT1-3.1383047 COL1A1 -3.1897308 PGBD5 -3.2480739 C2orf44 -3.3047861 LOC100130219-3.3798515
LMO3 -3.1396969 RGS7 -3.1900057 NAV3 -3.2482776 ZNF25 -3.3061787 KCNN3 -3.3817964
TCP11L1 -3.1405643 RNF2 -3.1901013 GIT2 -3.2487721 HP09025 -3.3069748 ZNF582 -3.383634
VKORC1 -3.1414952 ACTA2 -3.1903006 HNRPDL -3.2495287 ILF2 -3.3069763 LOC730101 -3.3838916
NEUROD2 -3.1442734 LOC100506377-3.190572 MED17 -3.2515464 PRPH -3.3076318 ZNF567 -3.3840017
KIAA0355 -3.144832 ATP2B2 -3.1913897 SIRPB1 -3.2521859 ZNF585A -3.3076596 DIABLO -3.3861692
SAP30BP -3.1452961 NISCH -3.1913983 RNF165 -3.2531005 LDHAL6A -3.3124825 PPM1D -3.3877066
KATNAL1 -3.1454654 BNIP3L -3.1939877 CDKL3 -3.2535969 GUCY1B3 -3.3142772 ZNF708 -3.3878916
OSBPL6 -3.1456484 HOXD8 -3.1942724 STK25 -3.2541696 ADAMTS1 -3.3145451 TSPAN5 -3.3887479
ZNF691 -3.1459248 HILPDA -3.1944478 LPHN2 -3.2546086 DSCAML1 -3.3167519 SACS -3.3895015
CDK5R2 -3.146469 RNF182 -3.1962959 MAB21L2 -3.2546169 EIF2B3 -3.3185515 DDX1 -3.3907054
XPO6 -3.1477957 RAB39A -3.1963877 EFNB3 -3.2548286 MAP6 -3.3188585 ZNF347 -3.3912229
MAP3K7 -3.1478046 ZNF256 -3.1969901 MCPH1 -3.2555488 ZEB1-AS1 -3.3190458 SUGP2 -3.3918696
FUZ -3.1483029 ZNF665 -3.1972061 ATG4C -3.2562499 UCHL1 -3.3208602 CXCR4 -3.3934011
FBXL19 -3.1485794 MIR100HG -3.197606 TSPAN18 -3.2570079 EPC2 -3.3218514 SHD -3.3934847
DIRC3 -3.1488599 LUC7L -3.1978434 SMARCE1 -3.2577295 DCTN2 -3.3235741 RBM10 -3.3953767
PLEKHM3 -3.1501354 CENPO -3.1981637 TNRC6C -3.2585018 BCAT1 -3.3241406 FGF2 -3.3964076
HKR1 -3.1509121 LOC100507314-3.1985077 DENND5B -3.2589619 S1PR1 -3.3258618 HNRNPD -3.3964437
KLHDC3 -3.1520411 TMEM47 -3.2000669 C11orf74 -3.2591139 ADORA1 -3.3263848 ADAMTS3 -3.3970859
KIDINS220 -3.1541821 LOC550643 -3.2007383 SGCB -3.2617824 TDP1 -3.3264027 HMGCLL1 -3.3992723
TM6SF1 -3.1551555 EGFLAM -3.2028667 HNRNPU -3.2626005 PCDHB16 -3.3272387 CDH2 -3.3994967
BICC1 -3.1555725 FRMD4A -3.203024 TRIM45 -3.262676 NRG2 -3.3273423 DNMT1 -3.4005999
ZCCHC11 -3.1558215 DYNLT1 -3.2038106 ABHD8 -3.2634923 CTPS -3.3287048 CLMP -3.4037241
LOC401093 -3.156698 SSR2 -3.2051333 PHOX2A -3.2646498 ALPK2 -3.3304608 DEGS1 -3.4054844
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ARHGEF10 -3.4112938 ZNF491 -3.4970665 NETO1 -3.5722978 CDH11 -3.6607923 CCDC90B -3.7577
BACE1 -3.4115162 NRGN -3.4997089 ORC3 -3.5746603 SCN4B -3.6609848 FLG -3.7587993
TPGS2 -3.412002 THAP2 -3.5004119 CNTLN -3.5751359 VAX2 -3.6613566 SPSB4 -3.7589931
SMURF2 -3.4135108 ZNF793 -3.5008197 PKI55 -3.5757407 FAM127B -3.6621913 RP1-177G6.2 -3.762834
CHFR -3.4135909 DOCK11 -3.5019792 EID2 -3.575774 AKAP5 -3.6636591 ARHGAP24 -3.7644231
PTPN22 -3.4173007 RALA -3.5030705 TMEM132C -3.5765446 TMEM237 -3.6640842 FLNC -3.7650544
PGS1 -3.4174286 SCN8A -3.5056163 CTIF -3.5767913 CNTN2 -3.669157 C17orf80 -3.7681968
ASPHD1 -3.4179396 CDKN2C -3.5063587 LINC00294 -3.5772123 41893 -3.6710648 LOC728392 -3.7683602
ZNF512 -3.4189013 FAM13C -3.5083365 BEX4 -3.5773969 PFDN1 -3.6742361 ZNF136 -3.7705094
DDR2 -3.4220119 CYS1 -3.5087279 LOC728485 -3.5795073 ELAVL3 -3.6754079 C19orf79 -3.7713507
C1orf187 -3.4236178 ATXN2 -3.5099366 SUSD5 -3.5806797 MAP3K12 -3.6801483 MYLK -3.7720608
HPCA -3.4244557 XRN2 -3.5104237 FAM32A -3.5808938 CLSTN2 -3.6814729 LMO1 -3.7730689
RUNDC3A -3.4246717 DOK1 -3.511545 CRTAC1 -3.5814823 XKR6 -3.6848856 RPS6KA6 -3.7751383
FNBP1 -3.4247186 RGL1 -3.5133225 PEG3 -3.5817961 MPDZ -3.6879313 MMP24 -3.77605
ZNF853 -3.4263497 ADAMTSL1 -3.5138268 PEG3-AS1 -3.583343 TMEM74 -3.6889425 ELAVL1 -3.7774515
ATCAY -3.4273312 ZNF14 -3.5140528 ASB3 -3.5837607 ZNF519 -3.6905802 ARL3 -3.7840028
USP44 -3.4273315 SYT6 -3.515375 SERPING1 -3.5849955 KIF3C -3.6924547 EVL -3.7874236
MYCN -3.4273742 ZNF415 -3.5160271 C12orf65 -3.5874818 CPSF3 -3.6947601 ZKSCAN2 -3.7876236
NTAN1 -3.4312044 ST7L -3.5169467 VSTM1 -3.5880966 GPRASP1 -3.6964321 ACO1 -3.7876566
ACTL6B -3.4318086 C16orf5 -3.5169931 FBXO5 -3.5903104 BAI2 -3.6977545 KRTAP4-7 -3.7879912
XRCC5 -3.4319473 FARP1 -3.518009 ADPRHL2 -3.5935231 STARD3NL -3.7001011 LOC100507111-3.7914159
ZNF568 -3.4324995 ANTXR2 -3.5182915 PPAPDC3 -3.5936933 HCFC2 -3.7013827 PAX8 -3.7937417
TLE4 -3.4330263 SLC8A1 -3.5185116 CRY1 -3.5946193 DLC1 -3.7017142 NAP1L1 -3.7975637
MTF2 -3.433678 BBS9 -3.5185718 PSIP1 -3.595945 ZNF528 -3.709394 STK33 -3.797665
SYT14 -3.4379743 FJX1 -3.5192191 LOC100506343-3.5966322 ZNF358 -3.7095074 KIF2A -3.7988286
C1orf50 -3.438515 KCNQ2 -3.5207389 HECTD2 -3.5973824 C12orf75 -3.7104595 ZNF470 -3.7996881
BLMH -3.4398812 ZNF821 -3.5224543 SHF -3.5983217 VAT1L -3.7148497 DUSP26 -3.8043774
FAM176A -3.4402978 ZFP112 -3.527246 UPRT -3.5983459 OTX2 -3.7189031 FAM66C -3.8060987
MTCH1 -3.4435935 EBF3 -3.5277219 BEND4 -3.599446 ZDHHC22 -3.7196956 SCMH1 -3.8077698
ZNF285 -3.444939 ALMS1 -3.530521 PGBD1 -3.6005883 SAP30 -3.7203441 FGF5 -3.8088098
ZNF83 -3.4492154 JAKMIP2 -3.5323852 ZNF850 -3.6069259 FEV -3.7237723 KIF1A -3.8089736
EHD3 -3.4501922 KHDRBS3 -3.5340613 EIF2B1 -3.6082769 PIN4 -3.7239526 DACT3 -3.8094812
C14orf37 -3.4536489 SLC16A2 -3.5365392 GPSM1 -3.6092777 DCC -3.7251811 ARL16 -3.8127965
LEPRE1 -3.4558205 TTC7B -3.5366663 SCRN1 -3.6128508 CHRDL1 -3.7256525 DTX3 -3.8134381
CPE -3.4587693 ARHGEF40 -3.5391066 STARD8 -3.6134168 HNRNPA0 -3.7277298 ZNF43 -3.8135209
MAB21L1 -3.4610572 ZNF829 -3.5437485 ZNF788 -3.6144075 PAR5 -3.7289668 TSPYL4 -3.8154108
JAM3 -3.4621549 XKR4 -3.5466843 CCT8 -3.618067 PHC2 -3.7327383 ZNF292 -3.8197001
HOXD3 -3.4626412 FZD8 -3.5483999 GFRA2 -3.6190368 BHLHB9 -3.7337736 HECW2 -3.8242839
LOC100507486-3.466292 FBXO10 -3.5484473 AJAP1 -3.6194403 ARPP21 -3.7349423 NTM -3.8260375
CBLN1 -3.4664143 ZNF187 -3.5497781 C10orf140 -3.6227006 DDX50 -3.7362981 ITSN1 -3.8327106
CAMK1D -3.4664635 ARHGEF17 -3.5544371 NT5DC2 -3.6228856 TMEM22 -3.7373583 ALDH7A1 -3.834457
ACLY -3.4708102 SEPHS1 -3.5549072 CWC27 -3.6236167 TFDP2 -3.7375417 ZNF607 -3.837322
ZFHX2 -3.4719671 ZNF100 -3.5558546 BDNF -3.6264521 ZNF22 -3.7397049 IL4I1 -3.8374133
MYCNOS -3.4735788 CCDC8 -3.5577722 KCNT2 -3.6271653 NEFH -3.7398149 SGIP1 -3.8414646
HAUS1 -3.4736573 LPPR3 -3.5582728 CUTA -3.627959 PLD5 -3.742169 TRAF3IP2-AS1-3.8417987
METTL22 -3.4760876 NKX3-2 -3.5589962 ZIC3 -3.6291523 KCNB1 -3.7427797 QSOX1 -3.843601
SMAD9 -3.4761429 HNRNPH3 -3.5590723 CELF5 -3.629618 ZNF167 -3.7437369 PTBP2 -3.8452659
WFIKKN2 -3.4765077 DPY19L2 -3.5594367 TBC1D1 -3.6299495 ZC3HC1 -3.7440233 BMPER -3.8461832
CCDC28B -3.4769438 ZNF160 -3.5597899 LPPR4 -3.6341062 POLR1E -3.7458322 TMEFF2 -3.8495295
HDAC6 -3.4815028 BTF3L4 -3.5613041 HAUS7 -3.6344943 CAPRIN1 -3.7483741 SLC29A4 -3.8516163
CAMLG -3.4845277 PRMT6 -3.5638658 GDI1 -3.6355405 PTGFR -3.7502409 C11orf67 -3.8534831
QPRT -3.4845865 GNPAT -3.5640288 ZNF546 -3.6365926 SV2A -3.7513613 SMARCA1 -3.8606896
CCDC3 -3.4846107 ING4 -3.5655207 AK5 -3.641531 THY1 -3.7513969 ZNF614 -3.8609455
LOC100286925-3.4862315 KANK2 -3.5681771 LOC254128 -3.6487881 CCDC106 -3.7532494 MEG3 -3.8610647
LOC100505562-3.492496 KCNH2 -3.5682134 LOC100192378-3.6515937 SYDE1 -3.7549658 DCX -3.8658674
RAB39B -3.492623 ZNF430 -3.56976 DNM3OS -3.65192 ADCYAP1R1 -3.7558585 PCDHA9 -3.8661377
PCDH8 -3.4947477 ATP8B2 -3.5707332 GNL2 -3.6560271 CMTM3 -3.7560732 AP2A2 -3.8679922
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C14orf162 -3.8774351 ST8SIA2 -4.001964 ZNF775 -4.1144777 FKBP7 -4.2545756 TIE1 -4.4290494
KIFAP3 -3.8795179 MAST1 -4.0039494 UAP1 -4.1160904 PPP1R16B -4.2627069 NME7 -4.4310517
LOC100128361-3.8800845 BOD1 -4.0048649 LIX1 -4.1163338 TRIM46 -4.2666458 FOXN3 -4.4317675
TIA1 -3.8823363 41888 -4.0058755 EFEMP2 -4.1179298 PRR3 -4.2669467 FLJ90757 -4.4324148
ARHGEF6 -3.883912 TMEM169 -4.0083233 SUGP1 -4.1214307 FCHSD2 -4.2690402 ZNF461 -4.4330646
TCEAL2 -3.8852043 LOC100506694-4.0103115 PXDN -4.1224682 RIC8B -4.2755385 FXYD6 -4.4333882
ZNF521 -3.8856353 CRBN -4.0108583 PIN1 -4.1245427 SLC4A8 -4.2768061 ST6GAL2 -4.436655
TAF9B -3.8913678 COQ10A -4.0141333 MXRA7 -4.1294293 ZFP30 -4.2787332 ZNF709 -4.4367496
CAMKV -3.8926918 CAMTA1 -4.0166275 KIF1B -4.1294723 CLIP3 -4.2847852 CRYZL1 -4.4380704
FBXO17 -3.8933472 SDC2 -4.0190764 MAGED2 -4.1303997 RCOR2 -4.2862596 MYEF2 -4.4382776
POU2F2 -3.8945376 ZNF175 -4.0201913 MTR -4.1308852 YPEL1 -4.2958322 KCNC1 -4.454339
ESM1 -3.8974607 ABI2 -4.0205951 IL11RA -4.1327897 DENND5A -4.2973911 MAGED1 -4.4577821
LOXL2 -3.9003627 BATF3 -4.0207092 NLRP3 -4.1329762 NEUROD1 -4.2974822 FAT3 -4.4600618
RRAGB -3.903158 RGAG4 -4.0212205 ZNF250 -4.1419912 RAB3B -4.2995331 C12orf53 -4.4604793
MAP4K4 -3.9067128 ODZ4 -4.0232846 HLX -4.1565704 LOC100506844-4.2995354 KIAA0754 -4.4644692
NBEA -3.9106895 TUBB -4.0246115 PDZD4 -4.1588259 AGPAT4 -4.3002669 TMEM35 -4.4675971
GPX7 -3.913018 DSEL -4.0250917 CAND2 -4.1591734 ITPRIPL1 -4.3008648 TMEM108 -4.4685935
ZNF93 -3.9154364 RBM24 -4.0307907 KCNK3 -4.1604791 NAP1L3 -4.3067389 ZNF804A -4.4701779
GLIS2 -3.9158287 RPRML -4.0329864 SYT11 -4.1618243 KRTAP4-9 -4.3087142 COL13A1 -4.4746689
LOX -3.9165137 ARMC4 -4.0335497 ZNF329 -4.1631644 ZNF608 -4.3090596 PHF21A -4.4790259
LDOC1 -3.924379 RIMS3 -4.0371133 AKT3 -4.1678873 EFHA2 -4.3101005 CSRNP2 -4.4852788
BDNF-AS1 -3.9301423 CREB1 -4.0402241 ZYG11B -4.1680271 UBTD2 -4.3120233 MFAP4 -4.4876616
ZNF738 -3.9322003 MLL -4.0402519 LRRC49 -4.1726281 ZNF605 -4.3143699 TRHDE -4.4910016
C12orf23 -3.934224 CECR6 -4.0403958 MRC2 -4.1744004 NACAD -4.3216172 RBMX -4.4921378
LOC284385 -3.9345279 MGC24103 -4.0460547 C20orf160 -4.1750818 AP4B1 -4.3229058 AMPD2 -4.4924864
SCG5 -3.9347674 RTN2 -4.0493909 ZNF254 -4.1768114 KALRN -4.3231804 JPH4 -4.4936058
DDAH1 -3.9378981 HBQ1 -4.0497037 ZNF555 -4.1800314 GNAI3 -4.3234257 ELMOD1 -4.4950793
FBXO43 -3.9404689 FAM155A -4.0583601 ZNF559 -4.1822245 NCAM1 -4.3249679 HHIP -4.501908
RND2 -3.9421891 SLIT2 -4.0607041 U2AF1 -4.1842358 PTX3 -4.3259103 GPR173 -4.5043533
ASTN2 -3.9449323 PRICKLE1 -4.0611486 C21orf56 -4.1852917 BNC2 -4.327849 FZD2 -4.5076415
DCLRE1B -3.9463931 PGF -4.0675937 ZNF891 -4.1853295 RGS4 -4.3329859 AP1M1 -4.5156873
CCDC99 -3.9480299 WDR35 -4.0719372 GDAP1L1 -4.1892769 C21orf7 -4.3332365 PCOLCE -4.5174207
ZNF428 -3.948656 RFTN1 -4.0722386 PHF21B -4.1898079 FAM40A -4.3364102 ZDHHC15 -4.5272583
CNN3 -3.9503911 DCLK2 -4.0742378 LOC147670 -4.1910983 ATP2B3 -4.3393541 COL6A2 -4.5279169
PTMS -3.9510328 AOX1 -4.0745414 CERS5 -4.1917229 TAGLN3 -4.3407942 PLEKHG2 -4.5285101
C4orf46 -3.9549106 ACAA2 -4.0769802 KCTD10 -4.1932841 RBMS3 -4.3417594 BOLA3-AS1 -4.5359376
GRAMD1A -3.9562778 INA -4.0787617 SSBP3 -4.1944247 CHRNA1 -4.3442819 VCAN -4.5385076
TPM1 -3.9606654 SCML2 -4.0796972 VWCE -4.1969718 CNRIP1 -4.345392 PURG -4.5419109
KDM4D -3.9625361 TMEM39B -4.0807321 GPR176 -4.2028667 SNAP25 -4.3496684 VIM -4.5460809
THSD7B -3.9625714 ROBO4 -4.081132 ZNF610 -4.204706 TUBB2B -4.3534004 GALNTL1 -4.5510412
TMEM136 -3.966098 PPP1R14A -4.0823922 NRXN2 -4.204706 DENND2A -4.3535564 ZNF835 -4.5609332
FBXL12 -3.967237 ZFP37 -4.0874333 COLEC12 -4.2048292 DPYSL5 -4.3544538 GPC6 -4.5642358
SF3A3 -3.9684953 NMT2 -4.0884581 MYT1L -4.2049506 SNORD114-3 -4.3692341 FHL1 -4.5677179
RGS17 -3.9696526 WNK3 -4.0887487 C1QL1 -4.210043 C11orf95 -4.3785256 PDE2A -4.5719196
PDLIM7 -3.973045 RNF150 -4.0894557 ACTR1A -4.2120628 ARC -4.38842 PNMAL1 -4.572771
CACNA1B -3.9731671 GPN1 -4.0895717 RELN -4.2204107 ZSCAN30 -4.391863 SEC14L1 -4.5764349
PCBP4 -3.9739121 SLITRK5 -4.0939416 RSPRY1 -4.2256843 TRPC1 -4.3925958 TCF4 -4.577254
SLC22A17 -3.9745135 PNMA2 -4.094991 ZNF695 -4.2270414 CCDC23 -4.3941465 F2R -4.5774704
ROBO3 -3.9745639 ZNF542 -4.0954294 KIAA1586 -4.2276516 ZFP82 -4.3945848 ZNF606 -4.5841235
CFL2 -3.9757445 MGC16121 -4.1018798 C18orf54 -4.2308246 ATP11C -4.3987521 LOC100505481-4.5905596
TMEM145 -3.9776331 AGPAT4-IT1 -4.1054689 FBN1 -4.2324786 CHN1 -4.4059771 ZNF423 -4.5993462
ZNF660 -3.9891863 ZNF238 -4.1057972 GLRB -4.2330118 NKAIN1 -4.40658 C16orf45 -4.609673
ERCC8 -3.9893012 ADAMTS5 -4.105895 CPXM1 -4.234147 CTDSP2 -4.4092588 NUDT11 -4.6104633
CSDE1 -3.989479 PCSK1N -4.1069057 SYNE1 -4.2362457 RUSC2 -4.4125932 FAM127A -4.6105553
RAB9B -3.9933772 APBB1 -4.1085453 ARHGAP17 -4.2429044 ZNF573 -4.4149137 LOC100507106 -4.6143
NSL1 -3.9942486 ZNF471 -4.1107244 RBFOX2 -4.2459752 FMNL3 -4.4172035 TMEM200A -4.6181899
SIRT4 -3.9959674 TRAM1L1 -4.1119776 SCN3B -4.2491246 LOC100505491-4.4175891 ATXN7L2 -4.6229098




Symbol FIN correl. Symbol FIN correl. Symbol FIN correl.
ZNF382 -4.6307465 SOX12 -5.0552994 ZC4H2 -5.5905014
ARHGAP9 -4.6326811 ARMCX2 -5.0559688 ATP6V1G2 -5.5912558
C1orf123 -4.6346258 MATR3 -5.0603502 MEX3A -5.6127414
EPS15L1 -4.6423313 41702 -5.0611949 CTTNBP2NL -5.6352721
PKNOX1 -4.650233 IGDCC4 -5.0636314 RECK -5.6480722
LOC100128252-4.6506057 SLC26A10 -5.0721134 ZEB1 -5.6813961
LOXL1 -4.6573681 CUX2 -5.0818969 ZNF599 -5.691029
ANXA6 -4.6573764 JAM2 -5.0845655 ZNF682 -5.6977708
GSPT2 -4.6601022 ZNF85 -5.0893264 ZFPM2 -5.7222529
PHF17 -4.6690683 ZNF420 -5.0955827 FAT4 -5.7255487
MBD5 -4.670685 LRCH2 -5.0957348 MEX3B -5.7464127
DPF1 -4.6783079 BAI3 -5.0981049 FAM195B -5.8672469
NOG -4.6831483 SRSF12 -5.1139265 FSD1 -5.872344
STX2 -4.6893319 KHDRBS1 -5.1361432 DBN1 -5.9195314
LRRN3 -4.6900182 VASH1 -5.1561092 DCP1B -5.9267751
FAM49A -4.6910371 MYL6B -5.1635961 GLIPR2 -5.9795894
FERMT2 -4.7069067 ZNF569 -5.1745061 TUBA1A -6.0143162
RTN1 -4.7071422 NFATC4 -5.1831185 TTC28 -6.0246586
PDGFC -4.708326 TSHZ3 -5.1838342 HDX -6.0718689
ZNF260 -4.7137783 ZNF583 -5.1894966 MPP4 -6.1311594
EID2B -4.7166729 RBPJ -5.1909774 ZNF667 -6.2336513
ADAMTS6 -4.7222404 TP53BP2 -5.2039709 ZNF71 -6.4218659
LOC730755 -4.7294135 CNTNAP1 -5.2039909
ZSCAN18 -4.741301 PLEKHO1 -5.2044469
FAM167A -4.7566746 TRO -5.2107099
APLP1 -4.7681281 TMSB15B -5.2168118
GPR137C -4.7814784 MACF1 -5.236568
VASH2 -4.7816329 DCHS1 -5.2626652
C14orf132 -4.7827829 IPW -5.2698874
APBA2 -4.7869119 LOC100506965-5.278031
RSBN1 -4.7892867 FAM171A1 -5.2808008
KDELC1 -4.793973 PRRT2 -5.2814069
ENY2 -4.8016961 ZFP28 -5.281731
RUNX1T1 -4.80823 FNDC5 -5.2852109
ZNF84 -4.8136819 GLIS3 -5.2987209
ATP1A3 -4.8221908 TRIM55 -5.3010943
TP73-AS1 -4.8248439 SALL2 -5.3034404
TMSB15A -4.8446455 NTNG1 -5.3063139
PBX3 -4.856862 RBFOX3 -5.3091559
USP11 -4.8572645 NEXN -5.309639
FAM216A -4.8616217 KCNMA1 -5.3108682
MAP7D3 -4.8626825 DNAJB5 -5.333298
NEGR1 -4.8684888 STARD9 -5.3580335
NAV1 -4.8824481 FGFR1 -5.3608208
BEX1 -4.9035239 DNAJC18 -5.3743523
0 -4.9040987 ZHX3 -5.3791336
LOC100506948-4.9185172 LOC646576 -5.3860898
ZMYM4 -4.9264186 DIXDC1 -5.4021635
MAP1B -4.9505137 SOX11 -5.4475402
STMN1 -4.9505392 LIMD2 -5.4568795
SOGA3 -4.9651969 WASF1 -5.5087929
CITED2 -4.9680684 ZCCHC18 -5.512536
LOC100132815-4.9920732 ZNF287 -5.5380537
TBCB -5.0110549 ZNF627 -5.5484145
LAYN -5.0176 PKIA -5.5800825
HDGFRP2 -5.021967 ZFHX4 -5.5857641
ZNF529 -5.0352663 GJC1 -5.586494
EML1 -5.0524401 NREP -5.5896177
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GPX4 4.2593 2.205 KRT6C 2.4768 0.7982 ULK2 2.1755 2.9221 PDE12 1.996 -0.206 UHRF2 1.8545 1.9991
ZNF486 4.1589 1.9375 PCDH15 2.4729 1.481 DHFR 2.1735 1.0429 FRMPD2 1.9937 -0.29 FGG 1.8542 1.5732
ARSE 3.6695 4.3689 ZNF485 2.4631 1.4868 FOXO3 2.1729 5.1294 FRMPD2 1.9937 -0.593 FBXO9 1.851 2.2348
HAND2 3.481 1.7583 ETV6 2.4596 2.5032 FOXO3B 2.1729 5.1294 PDXK 1.9937 2.6948 PITPNM1 1.8496 0.4172
HAND2 3.481 -0.963 MBD3 2.4324 1.5213 EPHA5 2.1715 0.8564 PDXK 1.9937 0.8238 ZNF92 1.847 1.3208
SLC4A5 3.4119 3.3048 CAMK4 2.4278 1.7888 ANKRD29 2.1713 1.0274 NDUFA8 1.9914 1.2704 EDA 1.845 2.0652
C17orf85 3.2453 1.5712 ARL9 2.4262 2.9305 CUL5 2.1652 1.0076 SCYL3 1.9895 2.8771 PKM2 1.8293 0.8231
IL10RB 3.0921 2.0726 H1FOO 2.4202 2.3243 KRT6A 2.1645 1.9961 SULT1C4 1.9806 0.5837 ZNF658B 1.8281 2.923
GPX3 3.0768 2.1153 HCRTR2 2.4199 0.5934 KRT6A 2.1645 1.3681 DLD 1.9745 0.4604 ZNF658 1.8281 2.923
SUOX 3.0596 1.5762 MLLT1 2.4185 0.8708 BGLAP 2.1631 0.9805 TESK2 1.9688 1.0583 LOC653501 1.8281 2.923
SUOX 3.0596 1.1541 LOC1005068882.416 1.1706 CD109 2.157 2.1493 PCDHB9 1.9688 0.4047 H2BFM 1.8276 1.4234
PRSS36 3.0184 1.9183 TCEB3CL 2.416 1.1706 CABP5 2.1566 0.5845 PRKAA1 1.9658 0.7655 SLC30A8 1.8266 3.6052
TUBA3D 2.9424 3.5164 TCEB3C 2.416 1.1706 AICDA 2.1501 1.98 CDKL3 1.9646 1.3558 NRGN 1.8264 1.6244
MAPK13 2.9398 2.4285 ZNF799 2.3977 2.0264 AICDA 2.1501 1.2309 MKRN1 1.9586 0.8599 ACOX3 1.8225 1.8469
CYP3A7 2.9344 1.2708 ZNF443 2.3977 2.0264 SULF1 2.1324 0.291 MKRN1 1.9586 -0.572 KRT79 1.8215 1.8896
CYP3A7-CYP3AP12.9344 1.2708 MAPT 2.3963 2.1503 ZBTB16 2.1308 0.451 DDX41 1.9578 2.4923 POLA2 1.8211 0.2102
FLT3 2.9234 2.3541 CST3 2.3903 2.1553 PRKAR1A 2.1296 1.4069 RIOK1 1.9569 1.0911 PRSS55 1.8211 0.4918
FLT3 2.9234 2.0235 OR51T1 2.3878 1.9661 SERPINB12 2.1261 1.9719 SIRT3 1.9568 1.9168 AKT3 1.8157 1.7186
RAF1 2.901 3.1004 HACL1 2.3873 1.4512 SLC10A6 2.1254 1.3977 CBL 1.9515 2.0363 SYT10 1.8133 -0.138
TRIB3 2.8636 1.3098 CERS5 2.3853 1.4757 GAP43 2.1112 1.383 CBL 1.9515 -1.689 CCL21 1.8132 2.1558
TUBA3E 2.8478 3.5325 CERS5 2.3853 -1.159 FOXD2 2.1104 0.4032 KRT5 1.9505 1.5123 PDCL3 1.8081 -0.014
MNAT1 2.7701 1.4195 FBXW4P1 2.3769 2.8406 FOXD2 2.1104 -1.176 LYPLAL1 1.95 3.6777 ZNF737 1.8078 2.2346
CEACAM1 2.7669 0.4441 KRT75 2.3673 0.3088 ZNF787 2.1046 1.5619 KIAA0430 1.9347 2.321 STARD8 1.7989 0.0853
ADAMTSL4 2.7349 2.643 SERPINB5 2.3657 2.2191 KCNB2 2.102 0.8585 KRT8 1.9331 1.2048 PTK2 1.7966 -0.131
STX5 2.7124 2.3447 ADRA1B 2.3545 0.5824 PTGFR 2.1002 2.3186 ELAVL2 1.9286 1.6499 DCT 1.7959 1.2273
STX5 2.7124 -1.349 PDAP1 2.3517 1.4461 POLB 2.098 0.7332 ALDH1A1 1.9256 1.1856 CCL8 1.7913 1.7436
KCNH7 2.7014 2.4916 ADPRH 2.3439 2.0793 NECAB2 2.0926 0.5108 TOP1 1.9208 -0.102 CYP3A4 1.7888 -0.088
ITPR3 2.6777 1.3344 ADPRH 2.3439 0.2808 DICER1 2.0924 0.9637 TRIM31 1.9205 1.425 ALDH9A1 1.7858 1.1773
ITPR3 2.6777 1.1645 DPM1 2.3426 2.8014 INSRR 2.0904 0.813 TRIM31 1.9205 0.7608 ALDH9A1 1.7858 0.855
PIP5KL1 2.6651 0.6749 XPR1 2.3425 1.9517 CSNK1E 2.0888 0.3718 DCX 1.9185 0.3618 SLC2A1 1.783 0.9662
ENSA 2.6594 1.3086 XPR1 2.3425 -1.217 BMP2K 2.085 2.255 MAN2A1 1.9176 0.3048 BCAT1 1.7826 1.3272
ZNF626 2.6564 1.656 KNG1 2.3354 1.3314 ZNF398 2.0823 0.9215 ZSCAN4 1.9171 -0.02 BRSK1 1.7787 3.0791
KRT3 2.6465 1.6544 LOC285359 2.3272 -0.102 KLRC2 2.0788 2.7794 AICDA 1.9159 1.98 SPCS2 1.7729 0.7855
KRT3 2.6465 0.0302 POM121C 2.3139 0.9211 KLRC2 2.0788 -0.698 AICDA 1.9159 1.2309 PPP1R2 1.7724 1.7614
ZNF420 2.6395 0.8373 KIF16B 2.3112 1.5161 SPRYD7 2.0735 2.3575 PNLIP 1.9136 0.4091 CNDP2 1.7698 1.1074
ZNF521 2.6347 1.8309 CLASRP 2.2761 1.2396 KCNH8 2.0695 0.8157 IFNA10 1.9136 0.9243 CNDP2 1.7698 -2.467
ZNF254 2.587 1.9723 HIST1H2BJ 2.2734 2.9241 GDF15 2.0666 1.8878 IFNA10 1.9136 -0.778 IL22 1.7661 1.3003
ZNF254 2.587 0.6622 HIST1H2BJ 2.2734 1.2028 TAS2R20 2.0622 1.6101 NGF 1.9117 3.5089 NSRP1 1.7658 -0.081
BCL2L2-PABPN12.5633 1.2944 PTDSS1 2.2723 -0.251 TAS2R20 2.0622 -0.11 NANP 1.9108 1.3125 CCRL1 1.7642 2.548
BCL2L2-PABPN12.5633 0.3768 SLC9A2 2.268 1.3947 DTX3L 2.0504 1.9806 BAG4 1.9096 1.7843 PRG3 1.764 2.0514
BCL2L2 2.5633 0.3768 EED 2.2675 1.3839 TGFB1 2.05 2.0979 PM20D1 1.9062 2.4411 NFAT5 1.7616 0.0741
CDC25B 2.5613 0.9265 DAB1 2.2524 0.898 ZNF554 2.0475 1.5544 PM20D1 1.9062 -1.537 LDHA 1.7611 0.7231
TAS2R10 2.5524 1.0413 MIF 2.2472 2.4891 IL17RB 2.0411 1.9276 LOC286297 1.9056 -0.406 LDHA 1.7611 -2.739
TAS2R10 2.5524 0.1428 MAP3K4 2.2392 -0.245 ZHX2 2.0384 2.3492 SLITRK4 1.9033 1.2977 LPHN2 1.7609 1.54
MLL4 2.5428 0.5985 GNAT1 2.2384 1.8764 PARP8 2.0307 1.6572 CDK2 1.896 1.053 PSMD5 1.7597 1.791
ISCU 2.542 -0.074 HTR2B 2.2381 1.7774 RAB28 2.0296 2.4406 TRAT1 1.8954 1.3007 SYNPR 1.753 -0.214
ZFHX3 2.5386 2.1066 LSM1 2.2368 1.501 RAB3A 2.0281 0.2407 ANK3 1.8947 1.1847 BATF2 1.75 1.6102
HDAC10 2.5326 1.1495 UBE2R2 2.2332 0.8569 CYP8B1 2.0272 2.3891 CHD2 1.894 2.2348 RNASE4 1.7497 0.464
ZFP106 2.5241 2.8911 TNNC2 2.2282 2.3619 SPOCK1 2.0212 2.1096 ZNF473 1.8822 0.0333 IRF8 1.7456 2.5958
ZFP106 2.5241 -1.463 ATP12A 2.2054 0.919 FCGBP 2.0117 3.7994 GABRR3 1.88 1.5665 CD302 1.7444 1.1827
SYT15 2.5192 2.0733 MIB1 2.204 0.608 LRRFIP2 2.0099 2.5056 HIST1H2BB 1.867 2.1626 ZNF676 1.7418 1.1578
SYT15 2.5192 -0.685 OSR2 2.2009 1.0572 GJA1 2.009 0.4738 DUS3L 1.8635 2.9512 SREBF2 1.7416 0.9861
CTPS2 2.5139 2.6403 TNS1 2.1976 1.9181 SP2 2.0089 2.5552 LOC653562 1.8608 1.0391 ZNF711 1.739 1.0861
DSCAM 2.4928 2.2576 KRT6A 2.1954 1.9961 MYEF2 2.0083 -0.024 SLC25A12 1.86 2.4584 ZNF711 1.739 0.7807
C18orf8 2.4928 2.0636 KRT6A 2.1954 1.3681 MMP24 2.0011 2.2451 ATP5S 1.8588 1.8294 C11orf30 1.7388 0.5305
ARPM1 2.4896 2.0539 TONSL 2.1884 1.0258 ANXA4 1.9984 0.8432 TULP3 1.8584 1.8863 ATN1 1.7349 0.7534
ALG1L2 2.4869 2.8925 PAK2 2.1805 1.7146 CXCR3 1.997 2.3059 KRT6B 1.8574 -0.228 HIBADH 1.7348 1.9615
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CASK 1.7287 0.407 JAK3 1.6256 1.2375 SENP3-EIF4A1.5252 -1.1 DBH 1.4317 3.7713 LOC391764 1.3673 -1.377
CYP3A43 1.7284 1.2618 PSMF1 1.6232 1.6872 SLC25A18 1.5246 1.7178 RABIF 1.4312 2.103 TCEAL1 1.3669 0.1903
OSR1 1.7264 1.4045 FBXO27 1.6136 1.721 GBA2 1.5197 0.7346 OR4K17 1.4293 2.7843 PFN1 1.3656 2.2816
ST8SIA1 1.7263 2.3036 MDH1 1.6128 1.6157 RNF25 1.5153 0.9655 DNAJA3 1.4278 0.1202 TRIM43 1.3651 1.3508
USF2 1.7244 1.6057 MDH1 1.6128 0.3095 PREX1 1.5138 0.3626 MAST4 1.4273 1.3924 TRIM43B 1.3651 1.3508
NFATC3 1.7241 -0.076 MEF2A 1.6109 2.0067 PLA2G2E 1.5121 0.6462 KCNJ4 1.4246 0.304 TRPM2 1.3646 -0.585
CETP 1.7199 0.8448 RBP5 1.6107 2.3825 PLA2G2E 1.5121 -1.103 USP34 1.4246 0.6531 TRPM1 1.3642 0.6352
OR12D3 1.7143 0.5962 TLR6 1.609 -0.128 SLC16A14 1.5109 3.0288 ICOS 1.4243 1.1671 EIF4B 1.362 0.6689
PDP1 1.7143 1.3504 ITGAV 1.6028 1.9449 BRSK2 1.5105 0.3659 CXCL1 1.4227 0.5701 AGAP2 1.3617 0.0557
TNFSF12 1.7108 1.7555 ANXA8L1 1.5974 1.4809 CIITA 1.5081 1.3885 EEF1D 1.4224 0.7434 HTR1E 1.3616 3.2009
SCO2 1.7092 3.228 MMP19 1.5969 1.622 EGFR 1.505 1.4769 EEF1D 1.4224 -0.523 SLC22A13 1.3615 1.3299
TOM1 1.7087 0.4102 ALDOC 1.5947 0.4115 ACACB 1.5016 0.932 MRPS28 1.4217 0.8078 ALG1L 1.3594 2.7549
ZNF79 1.7081 1.1494 AKT2 1.5937 0.0822 ACACB 1.5016 0.0344 IGF2BP1 1.4199 1.2038 SLC27A6 1.3568 0.5516
OR8G5 1.706 0.6843 KDM1A 1.5883 0.1621 LRP4 1.4997 1.3115 HIST1H2BJ 1.4157 2.9241 CHD5 1.3524 0.2345
TRPV5 1.7059 1.1923 ZCCHC13 1.5876 1.3437 PTPN11 1.4991 0.2216 HIST1H2BJ 1.4157 1.2028 CHD5 1.3524 0.1646
IFNAR1 1.7021 1.1348 ADAMTS9 1.586 1.2364 EBF1 1.4984 0.7538 GSR 1.415 1.5074 TBP 1.3518 -0.766
IFNAR1 1.7021 0.8042 POT1 1.5846 1.8009 GUCA1A 1.4979 2.0506 KCNA6 1.4144 1.8287 CCNE2 1.3502 0.3085
PDS5B 1.7019 1.1013 CNTRL 1.5827 0.5614 HRASLS 1.4941 1.3573 SLCO1B1 1.413 1.7153 GTF3C3 1.3453 1.1546
SEMA3D 1.7002 2.0461 UBE2G1 1.5821 0.131 STK32A 1.4939 1.2287 TM9SF2 1.4115 -0.692 PTER 1.345 1.7414
IPMK 1.7001 1.833 PDHB 1.5811 -0.035 GABRB2 1.4928 2.0972 GMPR 1.4113 -0.123 ZNF407 1.3443 -0.973
EPHA4 1.6967 2.5945 IVNS1ABP 1.5784 0.9531 JMJD1C 1.4923 1.4258 BUB1 1.4108 1.7167 EFHB 1.3441 1.54
OR5M1 1.6893 2.505 MED17 1.5749 0.6165 ELMO2 1.4901 1.651 BUB1 1.4108 0.4006 EFHB 1.3441 0.8825
IL1RN 1.6858 1.1032 RPRD1A 1.5731 -0.045 RIMS3 1.4895 0.4816 TPST2 1.4099 -0.194 ARHGAP17 1.3432 0.858
PRB4 1.6842 1.5069 UGDH 1.5702 1.4564 XPNPEP3 1.4868 1.4472 PCCA 1.4096 1.9736 CD1D 1.3429 -0.668
CDH6 1.683 1.9629 UGDH 1.5702 -0.847 C16orf80 1.4829 1.1986 HCN1 1.4093 1.0575 UBXN8 1.3422 1.7107
RGSL1 1.6787 1.7899 DHX29 1.5694 0.0959 CLK3 1.4798 0.928 KYNU 1.4076 0.7646 LOC100653061.3407 0.9162
RGSL1 1.6787 -2.43 OR4D1 1.5689 1.4436 TRA2A 1.4771 1.0037 AGAP5 1.407 0.7222 GUSBP9 1.3407 0.9162
ATP1A4 1.6776 0.8768 GRM8 1.5676 0.1882 MDM2 1.4764 -0.769 AGAP5 1.407 0.6804 SMA5 1.3407 0.9162
ATP1A4 1.6776 0.5252 PPP2R3B 1.5675 0.4781 A2ML1 1.475 1.2749 IL28A 1.4057 0.2568 LOC1006528101.3407 0.9162
GTF2I 1.6773 -0.568 ZNF148 1.5665 0.789 ADCY3 1.4749 0.592 IL28A 1.4057 -0.479 GUSBP2 1.3407 0.9162
CDS1 1.6771 1.1552 GIMAP1-GIMAP51.5648 2.3535 BCL7C 1.4745 2.2399 HSP90B1 1.4029 0.6294 SMA4 1.3407 0.9162
UFC1 1.672 1.5401 GIMAP5 1.5648 2.3535 UROD 1.4729 0.2464 APPBP2 1.4025 1.6041 GUSBP3 1.3407 0.9162
PHPT1 1.6711 0.9704 CIR1 1.5638 0.9616 RPS9 1.4726 -0.264 IL1RAP 1.4022 0.5523 LOC1001709391.3407 0.9162
SLC6A10P 1.6705 0.8036 PLCB3 1.5633 2.4171 ZNF449 1.4721 2.3099 CHD6 1.4009 1.8588 STX1B 1.3403 1.2526
CDH7 1.6673 2.271 ANP32E 1.5616 -0.221 PRCP 1.4719 2.1764 RHBDL1 1.3986 -1.435 SRPK1 1.3379 1.7529
MMD2 1.6657 0.4699 TRNT1 1.5598 0.3847 SNX29 1.4709 1.0918 POLN 1.3927 3.0619 FAT4 1.3374 0.6834
NOTCH1 1.6649 0.5586 FRMPD2P1 1.5595 -0.577 HADHB 1.4706 -0.177 CACNA2D1 1.3906 1.4276 FAT4 1.3374 -0.395
BOK 1.6622 2.3963 TWF1 1.5589 0.411 PSMC2 1.4696 0.4338 NAMPT 1.3905 1.4554 PISD 1.3368 0.5579
CAPS2 1.6594 1.7886 BRCC3 1.5579 0.574 ZNF426 1.4657 1.7023 NAMPT 1.3905 0.7934 MAP3K7 1.3356 0.3738
REG1B 1.6547 1.7605 POU2F3 1.5578 -0.15 EPX 1.4643 0.6789 ZNF436 1.3897 0.9095 ATP6V1B1 1.3355 1.5079
ZNF81 1.6498 1.6115 ATF2 1.5565 1.1886 EPX 1.4643 -2.322 CABLES1 1.3882 1.3454 RARRES1 1.335 1.1735
KAT2B 1.6484 1.0189 HMGCS2 1.5549 0.9181 MAP3K14 1.4591 1.2789 KCNK4 1.3882 1.7868 ACP6 1.333 0.5432
SMPD3 1.6467 1.0924 TRAF3IP1 1.5473 3.3741 QKI 1.459 -0.102 LAMA2 1.3843 1.622 HSD11B2 1.3324 1.4343
SERPINA12 1.6458 1.9038 ZBTB24 1.5457 0.9329 UQCRC1 1.456 0.6185 PTGIR 1.3829 1.2279 CHUK 1.3322 -0.431
SERPINA12 1.6458 -0.646 GNPTAB 1.5451 2.13 UQCRC1 1.456 0.4192 WDR33 1.3825 2.445 ADH6 1.3317 1.5002
ECD 1.6452 0.5208 ELAC1 1.5443 1.4565 THBS3 1.4524 1.2824 WDR33 1.3825 -0.856 LOC256374 1.3313 1.415
ECD 1.6452 -0.086 HIST1H2BL 1.5398 -0.753 KLF5 1.452 0.8369 PRDM11 1.3809 1.4282 LOC256374 1.3313 -1.398
ARF4 1.6422 2.3638 NAV3 1.5349 2.0913 SLC39A12 1.4462 1.0747 KRT7 1.3807 0.4961 SKAP1 1.3307 0.1255
POLL 1.6419 3.0769 CSF1 1.5337 0.7074 ZNF8 1.4436 1.5516 EPB41L1 1.3803 0.0573 PHACTR3 1.328 0.4878
SGK1 1.641 -0.121 AP3M2 1.5327 0.6183 DLG2 1.4428 0.8471 PPP2R3A 1.38 -1.429 ABP1 1.3278 1.6451
ZIM2 1.6407 -0.78 AHCTF1 1.5324 1.1333 STX12 1.4411 0.3926 CALU 1.3785 2.1128 SDCBP2 1.324 0.2566
MPL 1.6376 3.0542 RPS12 1.531 1.2757 SHC1 1.4385 1.465 CALU 1.3785 -0.164 FKBP1A-SDCBP21.324 0.2566
SUOX 1.6373 1.5762 ZNF124 1.5285 0.8278 PYCR2 1.4376 1.0078 DCP1A 1.3763 0.2596 SOCS4 1.3214 0.7994
SUOX 1.6373 1.1541 PPYR1 1.5283 1.6752 KCNV1 1.4375 0.6048 OR2T5 1.3744 2.5641 PIR 1.321 0.505
SAP30L 1.6361 2.5221 CYP26A1 1.5279 0.5748 PIP5K1C 1.4358 -0.553 ZNF610 1.374 1.8793 PVRL4 1.3205 0.2741
ADAM22 1.6351 0.7135 T 1.5277 -0.027 C11orf24 1.4345 2.0778 ERBB3 1.3682 0.0912 ALX3 1.3185 0.6089
TECTA 1.634 0.7182 SENP3 1.5252 0.4244 EIF2B5 1.434 0.4753 LOC391764 1.3673 0.3619 TSTD2 1.3172 1.4273
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SLC12A5 1.3169 0.9793 DDX24 1.2606 -0.51 NOXA1 1.194 0.9768 NIT1 1.136 0.3596 SRCRB4D 1.0985 0.6551
ADNP 1.3164 1.0778 HOXC13 1.2582 0.193 SLX1A-SULT1A31.1936 1.0553 ALG5 1.1355 2.2183 HIVEP1 1.0977 1.3029
NME3 1.3149 -0.407 BTK 1.2577 0.0242 SLX1B-SULT1A41.1936 1.0553 GPR133 1.1315 0.9095 CTDNEP1 1.0974 1.3901
RARA 1.3121 1.8954 PAWR 1.2571 0.02 SULT1A4 1.1936 1.0553 CRP 1.1314 1.1309 CTDNEP1 1.0974 -1.745
RPS29 1.3118 0.9312 UBE2H 1.2568 0.3801 SULT1A3 1.1936 1.0553 AMY2A 1.1313 1.0929 ALDOA 1.0961 0.554
EPB41 1.3096 -1.014 SLC17A4 1.2532 -0.471 ZNF576 1.1925 -0.821 AMY2A 1.1313 -1.945 KIR2DS1 1.096 -0.279
CYP24A1 1.3092 1.0483 COQ3 1.2532 0.1102 AP3S1 1.1902 0.5011 FAM13A 1.1301 2.139 KIR2DS1 1.096 -0.299
MST1R 1.309 1.2585 PLA2G4B 1.253 0.0023 APOC3 1.1881 0.5977 NUMB 1.1299 1.4231 TRIM25 1.096 0.5187
CCND1 1.3068 -0.825 CHEK2P2 1.2513 1.0217 ATP5F1 1.1867 1.3434 IARS2 1.1287 0.4701 CDK18 1.0959 0.7011
CCND1 1.3068 -1.082 OR3A1 1.251 1.3696 AWAT2 1.1863 1.0368 NEK5 1.1277 -0.653 MED4 1.0956 1.0587
CASP2 1.3059 1.1212 HS3ST5 1.2488 -0.021 THPO 1.186 0.8745 ZMYM1 1.127 -0.403 CRMP1 1.095 1.2868
SECISBP2L 1.3057 1.9291 IRX6 1.2476 -0.032 INTS6 1.1852 -0.373 POC1B-GALNT41.1258 0.0289 HIST4H4 1.095 1.3196
SECISBP2L 1.3057 0.2134 AQP3 1.2472 2.77 INTS6 1.1852 -0.559 EBP 1.125 0.9148 USO1 1.0941 1.3803
NRD1 1.3052 2.5592 CDK4 1.2459 -0.324 INPP5K 1.185 1.269 DLX1 1.124 2.5889 SLC37A1 1.0928 1.7261
C1orf87 1.3042 1.1302 CHST10 1.243 2.504 KCMF1 1.1826 -0.301 TCOF1 1.1225 2.2984 ZNF320 1.092 -0.343
POLR1B 1.304 0.5461 ZNF117 1.2401 -0.233 UBE2F-SCLY 1.1807 1.4124 VTA1 1.1223 0.1219 RGS18 1.0906 0.4791
ZNF322P1 1.3039 2.4447 ZNF117 1.2401 -0.363 ZNF217 1.1806 1.2217 MXI1 1.1213 2.3131 FBXO3 1.0904 3.773
ZNF322P1 1.3039 -0.087 CCBP2 1.2391 1.0591 CRNN 1.1805 1.7299 BPTF 1.1213 1.3876 FBXO3 1.0904 1.0543
ZNF322P1 1.3039 -0.68 QDPR 1.2385 1.2097 ZNF143 1.1799 -0.201 CYP3A5 1.121 1.9712 ENAM 1.0894 0.7981
CCNB1IP1 1.3032 2.5202 UBE2A 1.2375 0.9607 ADCK5 1.1783 0.1635 NAE1 1.1202 0.2257 CD72 1.0894 0.9239
SCN1B 1.3008 1.3277 NAALAD2 1.2364 0.0705 SPNS1 1.1776 2.0133 AGA 1.1199 -0.466 CCKBR 1.0893 0.9677
GPR110 1.3008 2.1938 IRAK4 1.2321 -0.648 ZNF620 1.1753 1.3274 TGFBR1 1.1183 -0.063 CETN3 1.0885 0.7692
PLCB2 1.3007 1.4813 DNAJC12 1.2319 0.8987 GRIK3 1.1741 0.8914 HAS1 1.118 2.0201 41974 1.0882 2.1131
PLCZ1 1.3001 0.8749 DNAJC12 1.2319 -0.804 GJB1 1.1739 0.5825 RNMTL1 1.1168 0.0447 ACADL 1.0881 1.5749
CACNA2D3 1.2996 2.2516 FBXO18 1.2315 2.2326 BBX 1.1736 0.238 SGPL1 1.1166 0.8386 NAA20 1.0878 -0.253
ANXA8 1.2949 1.5593 ECE1 1.2308 -0.272 LGR6 1.1731 0.4181 AHCYL2 1.1159 2.326 ABHD11 1.0877 -0.423
ANXA8L2 1.2949 1.5593 IFNA14 1.2304 1.0164 FPGS 1.172 1.3564 RAB23 1.1153 0.8284 AP1S2 1.0869 0.6373
DBN1 1.2944 2.3435 SLC39A4 1.2279 0.1999 ZNF599 1.1714 -0.495 MSRA 1.1151 0.7863 PTP4A2 1.0863 0.3661
SERPINA2 1.293 0.8495 SLC39A4 1.2279 -0.959 ZNF599 1.1714 -0.858 SNX27 1.1148 -0.158 PRICKLE1 1.0845 0.9185
HSD3B1 1.2909 0.4131 TNFRSF8 1.2274 -0.632 AVIL 1.1702 2.0792 EWSR1 1.1141 1.5892 ABCB1 1.0815 1.6087
BRI3 1.2896 0.4131 ZNF430 1.2237 0.6416 ZNF569 1.1699 1.0189 EWSR1 1.1141 -0.249 FOXD4L3 1.08 0.7358
GAL 1.2889 0.0992 DGKA 1.2234 1.2993 HTR4 1.1691 1.1208 ZNF322 1.114 2.4447 FOXD4L3 1.08 -1.812
LOC93432 1.2887 2.267 GLP1R 1.2227 0.1994 APOH 1.1677 1.5519 ZNF322 1.114 -0.087 FOXD4L6 1.08 0.7358
COL4A2 1.2868 0.1715 ZFP36L2 1.2205 1.9877 AASDHPPT 1.1658 1.498 ZNF322P1 1.114 2.4447 FOXD4L6 1.08 -1.812
BAZ2B 1.2845 0.6334 DDAH1 1.2188 -0.817 BCL7A 1.1649 0.3532 ZNF322P1 1.114 -0.087 ASAH2 1.0786 0.9529
MMP2 1.2839 0.4806 TSHZ1 1.2188 2.0657 CASP5 1.1632 1.8924 ZNF322P1 1.114 -0.68 HOXD13 1.0766 1.5697
NID1 1.283 1.1224 BARHL1 1.2177 -1.093 CDKL4 1.1589 -0.387 BAG6 1.1137 0.939 ZNRF2 1.0711 -0.034
FUBP3 1.2818 -0.277 POLR2J 1.2148 0.4821 DGKH 1.1582 0.5877 NUDT13 1.1131 1.304 TPTE 1.0688 0.315
ALG6 1.2816 -0.183 KISS1 1.2145 -0.954 SRY 1.1556 0.7236 DUXA 1.1108 0.5432 SLC30A9 1.0676 0.12
ALG6 1.2816 -0.322 ADSSL1 1.2145 -0.408 WHSC1L1 1.1552 1.661 URM1 1.1104 0.5644 SOX5 1.0657 0.2927
SFSWAP 1.2813 0.3315 TWIST1 1.2144 1.9295 MBD2 1.1541 1.3 URM1 1.1104 -0.13 WHSC1 1.0644 -0.709
SFSWAP 1.2813 -2.123 CYP51A1 1.2142 0.4594 ARIH1 1.1532 -0.609 ADPRH 1.1092 2.0793 KIF20A 1.0602 2.093
ZNF138 1.2812 0.2403 TMED2 1.212 1.7521 ARIH1 1.1532 -0.89 ADPRH 1.1092 0.2808 HECTD1 1.0597 1.9102
GPR141 1.2798 1.4215 FTH1P3 1.2108 0.8823 PRKG1 1.1527 1.8614 INPP5A 1.1082 1.3808 C10orf2 1.0591 0.7516
PRPH2 1.2782 0.4898 GRINA 1.2064 0.5941 EIF2AK1 1.1525 2.3737 FAM3C 1.1082 1.1146 SLC25A4 1.0587 -0.466
ARHGEF3 1.2777 0.1482 DHX58 1.2055 -0.072 SCN11A 1.1515 1.0981 MIS18BP1 1.1077 -0.162 RGR 1.0582 2.61
PEX11B 1.2755 -0.342 RBPJ 1.2045 1.3219 POLDIP3 1.1491 2.7465 ETNK1 1.1071 0.725 SMPDL3A 1.0574 1.8709
ZNF493 1.2749 0.7424 BUB1 1.2044 1.7167 ENPP6 1.1487 0.4107 CPPED1 1.1065 1.3302 CAPN12 1.0568 -0.128
TLE1 1.2745 0.619 BUB1 1.2044 0.4006 PRDX1 1.1483 0.9403 ADD1 1.1041 0.6005 NONO 1.0567 1.1619
KLK15 1.2734 1.5559 USP7 1.2039 2.0284 ABO 1.1442 0.9575 NR0B2 1.1036 -0.437 RAB11FIP3 1.0558 0.8952
HS3ST3B1 1.271 1.7037 ATP6V1G2 1.2024 0.0263 FYN 1.1441 -1.442 RDH5 1.1027 2.3021 LRPPRC 1.0554 -0.731
ST7 1.2663 1.2889 GPR151 1.2019 0.9564 LIPE 1.1439 0.8066 OR3A3 1.102 0.411 HPR 1.0537 1.8991
ZC3HC1 1.2644 0.4841 PIP4K2C 1.1975 0.8648 ARHGAP39 1.1427 1.5873 PRG2 1.1019 0.8473 STAT6 1.0533 -0.163
CRELD1 1.2634 2.5345 DLG5 1.196 -0.024 CUL3 1.1422 0.2874 AJAP1 1.1016 0.8075 MID1 1.0524 0.0582
GUSBP4 1.2629 0.5073 WDR54 1.1959 1.2684 ELF1 1.142 -0.036 DNA2 1.1013 1.5172 ARHGAP26 1.0522 1.1073
PMF1-BGLAP1.2622 0.8257 ADORA3 1.1941 0.514 EXOSC9 1.1412 0.0635 DNA2 1.1013 -0.387 BPNT1 1.0493 1.088
TPSD1 1.2619 -0.279 ADORA3 1.1941 0.3275 LSAMP 1.1378 1.4082 ZNF628 1.0996 1.4232 BPNT1 1.0493 0.0712
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OR10A2 1.0479 0.9282 SGPP1 0.9996 2.2582 AGTR1 0.9498 1.2132 PLXNA4 0.8889 1.4466 PLA2G2A 0.8527 0.1913
ZNF496 1.0473 0.6435 GPR78 0.9996 -0.137 POLE2 0.9478 -0.137 PRDM7 0.8887 -0.438 RRAGB 0.8526 0.9851
MERTK 1.0453 0.7592 RAX 0.9972 2.0722 H2AFJ 0.9478 -0.539 SERPINA4 0.8873 0.3993 CD300C 0.8519 1.9711
SSX6 1.0453 1.4408 RAX 0.9972 -0.516 PLRG1 0.9458 1.2199 TMOD1 0.8852 0.4832 PRPF4B 0.8506 0.3867
PDCD1LG2 1.0447 0.6867 PCDHA13 0.9959 1.2145 PLRG1 0.9458 -0.788 TMOD1 0.8852 0.4044 HMGB2 0.8503 -0.035
ESCO1 1.0434 1.9398 ITPKA 0.9958 0.7651 DYRK1B 0.9449 1.3775 LANCL1 0.885 -0.107 SNAPIN 0.8501 -0.198
EEF1D 1.0425 0.7434 CEBPZ 0.9955 0.98 HPCAL1 0.9443 1.4002 EPHA7 0.8847 0.2605 PCSK1 0.8495 0.0692
EEF1D 1.0425 -0.523 CCDC146 0.9941 0.1603 ARSB 0.9441 0.427 TSC1 0.8845 1.9872 SMAD9 0.8493 0.9998
ATP6V0E1 1.0424 3.2301 PIK3CD 0.9939 -0.3 PCDHGB1 0.9412 -0.088 LEP 0.8838 0.9261 SSH3 0.8486 0.1137
ZBTB26 1.0415 1.5466 NSF 0.9938 0.8678 CNNM1 0.9398 2.4037 S100B 0.8827 0.2484 PCDH11X 0.8478 1.2953
SLAMF1 1.0405 1.9821 NSF 0.9938 -1.146 DSCAML1 0.939 0.7592 UBL3 0.8824 1.1895 PCDH11Y 0.8478 1.2953
MS4A6A 1.0403 0.9823 CPT1B 0.9937 -0.042 TM7SF2 0.9362 -0.153 NR1H4 0.8816 1.2897 PCDH11Y 0.8478 -0.198
MS4A6A 1.0403 -1.268 ARID1B 0.9931 2.1305 CKS2 0.9356 0.9055 DDX17 0.8815 0.4266 ZNF665 0.8473 0.9934
BCKDHA 1.0402 0.6839 CHN1 0.9929 1.9849 GK 0.9348 -0.232 NPM1 0.8807 0.7059 ZZEF1 0.8469 1.3789
FOXL1 1.0397 -0.495 ZNF645 0.9902 0.0236 CYCS 0.9343 1.9433 NPM1 0.8807 -0.187 XRN2 0.846 -0.161
CLEC2D 1.0397 0.9085 FPR3 0.9899 0.685 CYCS 0.9343 -0.31 OGFR 0.8804 -0.671 ZNF187 0.8449 -1.063
PGK2 1.039 -0.171 KIT 0.9888 1.2803 PSMD4 0.9337 2.6651 EMD 0.8791 1.2956 AGPAT3 0.8445 0.3937
PLAGL2 1.0376 2.0832 CALCR 0.9825 -0.403 PIAS3 0.9334 0.5071 PTPRN2 0.8784 -1.16 GIT2 0.8445 -0.015
SIM2 1.037 1.7862 RAB19 0.9819 -0.321 CLEC4D 0.9314 0.2924 CTSH 0.878 1.4744 DUX3 0.8429 -0.669
FLNB 1.0356 1.4489 UGT2B4 0.98 1.764 CLEC4D 0.9314 -2.618 TNFAIP8L2 0.878 1.1629 DUX3 0.8429 -0.89
TNFSF12-TNFSF131.0356 0.9383 WDR83 0.98 1.2311 PSMC1 0.9313 0.9684 ATP8A2 0.8776 -0.311 DNAJC6 0.8429 -1.294
CIAO1 1.0353 -0.926 KIAA2018 0.979 -0.064 ST8SIA2 0.93 1.19 ATP8A2 0.8776 -2.42 ALG1 0.8427 1.2818
CNBP 1.0347 0.4066 C1QA 0.9788 1.104 PAPPA2 0.929 0.2579 HMSD 0.877 1.9737 ALG1 0.8427 1.1399
RNF181 1.0333 0.9975 C1QA 0.9788 0.4287 AKNA 0.9279 1.3245 TFAP2C 0.877 -1.01 LCN15 0.8405 -1.358
TRIM23 1.0321 1.1226 SUCLG2 0.9784 1.2576 NUDT9 0.9278 0.9167 TFAP2C 0.877 -1.38 JMJD7-PLA2G4B0.84 0.3858
RIPK1 1.0318 2.2033 ZWILCH 0.9775 0.8268 ZNF324 0.9272 1.2585 ZFP28 0.876 0.724 EIF2AK3 0.8396 1.2895
MAP4K3 1.0312 0.6568 EWSR1 0.9747 1.5892 CHST1 0.927 0.1228 HECW2 0.8751 -0.37 VN1R5 0.8393 1.9013
SEC22C 1.0305 1.7916 EWSR1 0.9747 -0.249 CYP26B1 0.9266 2.0818 INTS4L1 0.8735 0.1524 RAB9A 0.839 0.5618
SP8 1.0287 -0.332 AADAC 0.9716 0.7958 LOC1005064220.9265 -0.25 INTS4L1 0.8735 -2.257 THRAP3 0.8389 2.5764
PIK3R2 1.0281 0.8194 PDIA6 0.9709 -0.35 FZD3 0.9252 2.2162 INTS4L2 0.8735 0.1524 PRKAB2 0.838 0.207
AK1 1.028 -0.106 ABLIM1 0.9688 -0.415 CD34 0.9246 1.3377 INTS4L2 0.8735 -2.205 TUBA3C 0.8366 0.2679
CXCR7 1.0278 -0.131 CTSB 0.9677 0.1467 NFIB 0.9223 0.6326 POLR2I 0.8727 0.4429 PAK7 0.8364 0.4405
RASSF3 1.0267 0.3021 CTSB 0.9677 -2.1 CD4 0.9213 0.2316 POLR2I 0.8727 -1.197 PRKD1 0.8354 1.6555
PCSK9 1.0265 0.6072 TNFSF11 0.9666 -0.339 PDSS1 0.9191 -0.468 ZNF775 0.8719 0.629 GLS2 0.834 2.082
CDO1 1.0255 2.8286 ONECUT2 0.9633 0.7623 RBKS 0.9188 1.467 CYCS 0.8707 1.9433 FZD8 0.8328 -0.523
ADAMTS1 1.0254 0.3993 LEPROT 0.9629 0.7101 H2AFB1 0.9171 2.4671 CYCS 0.8707 -0.31 NSF 0.8305 0.8678
PHOX2A 1.0251 1.3153 GAMT 0.9628 0.9067 H2AFB3 0.9171 2.4671 LEPREL1 0.8707 1.3715 NSF 0.8305 -1.146
RALGAPA1 1.0237 2.5453 GAMT 0.9628 0.2449 ZNF619 0.9148 0.359 SGCE 0.8705 -0.464 LOC1005076990.8305 0.8678
RALGAPA1 1.0237 -2.092 SNAPC2 0.9613 -0.983 RPS6KB1 0.9139 0.0344 UGT2B17 0.8695 0.5586 LOC1005076990.8305 -1.689
PMS2 1.0235 0.5151 PARP14 0.9609 1.1631 PPM1A 0.9101 -0.248 UGT2B17 0.8695 -0.162 FECH 0.8301 0.6975
GIPR 1.0219 1.3483 PA2G4 0.9609 0.2689 MYO3A 0.9088 -0.053 MUL1 0.8684 0.5851 FGD1 0.8295 1.1259
GIPR 1.0219 0.9637 CTRL 0.9607 1.2689 EYS 0.9084 0.7437 SF3B2 0.8654 -1.825 SNRPA 0.828 -0.386
KRT3 1.0172 1.6544 TBX5 0.9594 0.0891 YPEL2 0.9044 0.5088 ARF1 0.8654 0.9776 HYAL1 0.826 1.6132
KRT3 1.0172 0.0302 DDB2 0.9593 1.425 KIAA0090 0.903 0.99 TPK1 0.8639 0.4644 ALDH2 0.826 -0.011
ZIK1 1.0151 0.1837 ABHD2 0.9589 1.7401 AFF4 0.9027 0.9705 BTF3L4 0.8633 0.226 CX3CL1 0.8251 -0.574
HLA-C 1.0114 0.4854 GPR15 0.9582 1.4595 ZNF329 0.9017 1.0199 COX6B2 0.8631 1.0862 GAD2 0.8227 0.2341
EFCAB4B 1.0089 1.7361 GALNT4 0.9578 -0.084 RPS27A 0.9007 -0.783 KIF5B 0.8614 0.5487 BRWD1 0.8169 -0.582
MTMR1 1.0069 -0.843 MICAL3 0.957 0.4699 RPS27A 0.9007 -1.245 TPR 0.8609 0.2623 HIST1H3G 0.8147 1.9846
RPGRIP1 1.0054 -1.605 SP4 0.9555 1.9622 KCNJ8 0.9007 1.9538 LARGE 0.8605 -0.828 ERI1 0.8125 0.368
SPINLW1 1.0046 1.9861 TNFRSF17 0.9547 0.3996 TEAD3 0.9001 1.8797 SLC31A1 0.8604 1.3936 ARG1 0.811 -0.256
SPINLW1 1.0046 -0.199 MTA3 0.9541 0.8215 DCLK3 0.899 0.0014 CAMK1G 0.8584 1.5948 TRPC7 0.811 0.2289
ONECUT1 1.0042 1.2208 SPINK4 0.9532 1.6206 CDH3 0.8985 1.2596 RREB1 0.8571 -1.327 HS6ST2 0.8109 1.1653
TFB1M 1.0031 1.3433 TIMM8A 0.9531 1.03 SIAE 0.8984 1.6551 RNF212 0.8559 -0.007 EN2 0.8089 2.015
SLC39A4 1.0027 0.1999 TREML2 0.9524 1.0741 B3GAT2 0.8981 1.2774 KCNN2 0.8558 0.7868 SLC29A3 0.8085 0.2774
SLC39A4 1.0027 -0.959 COPE 0.9519 0.5825 TAS1R1 0.8977 0.8858 KCNN2 0.8558 -1.772 SLC29A3 0.8085 -0.606
URM1 1.0005 0.5644 PSMB3 0.9517 -0.293 ZNF600 0.895 0.4825 RHO 0.8549 2.2512 ADAMTS10 0.8076 0.0557
URM1 1.0005 -0.13 CASC1 0.9505 1.0628 DAG1 0.8938 0.1712 GRB10 0.8539 0.1855 ABCD2 0.8073 1.3607
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MPPED1 0.8061 1.9266 LOC1001922040.7672 0.3678 INTS4 0.7278 -0.457 CYP1A2 0.6847 -0.283 LMNA 0.6505 -0.493
SDS 0.8061 0.1228 PMVK 0.765 -1.62 INTS4 0.7278 -2.205 OR1S2 0.6833 0.7945 MEST 0.6505 1.1507
HSD17B1 0.8058 0.5081 PLD2 0.7645 0.0187 ZNF793 0.7271 0.4933 ZNF696 0.6827 0.6181 ACLY 0.6496 0.5555
OR2L3 0.8036 0.8347 CCR10 0.7636 2.1772 CYP21A2 0.727 -0.039 ZNF696 0.6827 0.5594 CDC34 0.6496 0.3567
ATXN3 0.8032 -0.361 USP32 0.7629 0.3641 DDX3X 0.7267 1.2151 ZNF696 0.6827 -0.573 CIB3 0.649 0.6634
ATXN3 0.8032 -2.063 SIRT2 0.7628 1.2932 DDX3X 0.7267 -0.111 KDM5D 0.6815 0.0909 XBP1 0.6475 2.2483
IDH2 0.8023 0.2186 SIRT2 0.7628 -0.092 PLK3 0.7253 -0.411 KDM5D 0.6815 -2.248 CDK6 0.6471 -0.394
HIST1H2BD 0.7995 1.8123 SIRT2 0.7628 -0.588 SMS 0.7232 0.7456 SYT4 0.6805 0.7789 CDK6 0.6471 -0.409
TFB2M 0.799 0.8417 CLASP1 0.7617 0.4105 FLG2 0.7232 -1.269 DDX46 0.6794 -1.088 SSTR2 0.6469 0.5639
DGKB 0.7988 -1.127 ZRANB2 0.7614 -0.361 SSX7 0.7207 1.3376 EVX1 0.6788 1.0441 SSTR2 0.6469 -1.043
SCUBE3 0.7976 0.6717 GNS 0.7614 0.7709 TPSG1 0.7189 -0.183 KCTD10 0.6777 -0.832 KLK11 0.6452 0.3544
NDST1 0.7973 0.4858 EFNB2 0.7608 0.9757 ARAP3 0.7183 1.6191 WARS 0.676 -0.195 NFATC2 0.6451 0.505
POLR2H 0.7967 0.4151 MUC7 0.7603 0.717 PDE6B 0.7172 2.0213 AMDHD2 0.6753 -0.115 L3MBTL4 0.645 -0.853
BCL2L11 0.7966 1.523 BMP6 0.7602 1.3921 SLC2A9 0.7171 -0.471 CCNJ 0.6747 -0.065 NEB 0.643 -1.055
CAPSL 0.7962 -0.194 ZNF514 0.7596 0.4211 TNFRSF10D 0.717 1.5077 RBM39 0.674 -0.537 BCL2 0.6402 -1.266
SRP9 0.796 0.722 NOP16 0.7585 2.2057 MAT2B 0.7156 -0.591 GPR146 0.673 0.8394 CCDC169-SOHLH20.6399 1.8673
RBM25 0.7957 -0.068 SPINLW1 0.756 1.9861 PLK4 0.7124 1.0204 ABL2 0.6726 -0.141 SOHLH2 0.6399 1.8673
RPL7 0.7952 -1.02 SPINLW1 0.756 -0.199 TAS2R60 0.7122 0.7987 BMP15 0.6722 0.7093 ATP6V0E2 0.6381 -1.371
AGPS 0.7949 0.3004 RSPRY1 0.754 0.3542 TAS2R60 0.7122 0.1489 PLCH1 0.6721 -0.125 IFNA21 0.6381 1.4953
SLC9A3R2 0.7947 1.0614 RSPRY1 0.754 0.096 LPAR2 0.7118 0.9991 TIGD6 0.6711 -0.35 MAPRE2 0.6376 1.1305
CCNL1 0.791 0.8699 HNRNPAB 0.7537 1.3741 ADAMTS13 0.7111 2.4104 ADAR 0.6711 0.8789 ASRGL1 0.6365 -0.502
LGI1 0.7903 -1.382 CCNDBP1 0.7528 1.7302 POP7 0.7108 -0.524 SLC12A3 0.6704 -1.229 H2AFB2 0.6355 2.0379
CD46 0.7898 0.329 CCNDBP1 0.7528 -0.292 FOXD2 0.7106 0.4032 RNF213 0.6694 -0.32 KRT24 0.6332 0.8421
RPS6KC1 0.7875 1.0839 NDUFB4 0.7527 1.9857 FOXD2 0.7106 -1.176 SLC39A10 0.6679 -0.523 TRIM54 0.6321 1.8142
ZIC5 0.7868 -0.414 HDAC9 0.7515 -0.38 H2AFX 0.7104 -0.422 EDF1 0.6669 -0.208 HBA1 0.6317 -0.026
HK3 0.7861 -0.746 IL12A 0.7513 2.2526 LEO1 0.7099 0.0013 GSG2 0.6665 -0.642 HBA2 0.6317 -0.026
CD97 0.7859 -0.319 PPP1R16A 0.7512 1.5314 OPN5 0.7061 2.7724 PRB3 0.6659 1.969 AGAP3 0.631 1.5312
SMG6 0.7856 0.208 CYP2W1 0.751 0.4838 GVINP1 0.7056 1.0336 CYP2R1 0.6658 -0.037 EGLN1 0.6294 0.5157
BMP5 0.7843 -0.042 GNA14 0.7487 1.2822 HIST1H3H 0.705 0.8982 KIAA0317 0.6651 1.3792 SIN3B 0.6285 -1.495
LOC728554 0.7841 0.7847 GSK3A 0.7486 0.7172 THNSL1 0.7049 2.1495 ADAMDEC1 0.6646 1.1792 ZNF692 0.6282 1.9732
LOC728554 0.7841 0.0423 GSK3A 0.7486 -1.421 AKAP3 0.7029 0.0286 ADAMDEC1 0.6646 -1.312 GUCA1B 0.6276 1.5115
THOC3 0.7841 0.7847 CSF2RA 0.7473 -0.795 FAM120A 0.7027 0.4426 COX10 0.6645 1.1698 HES6 0.627 1.5228
THOC3 0.7841 0.0423 PPM1G 0.7447 0.8909 ZNF207 0.7022 0.3008 AANAT 0.6639 -0.895 HSPA1A 0.6267 -0.123
USP13 0.7829 -0.997 PPM1G 0.7447 0.1271 BNC2 0.702 0.0472 CDH20 0.6637 0.1622 NIN 0.6259 0.1863
PRKCQ 0.7828 0.1748 BAG1 0.743 0.1007 CADM3 0.7019 0.0524 DDX3X 0.6632 1.2151 ACTR6 0.6246 1.3819
HSPA2 0.7817 0.95 RGS17 0.7426 1.1588 MYL7 0.7018 1.3311 DDX3X 0.6632 -0.111 ACTR6 0.6246 -0.097
PTPRCAP 0.7804 0.7996 ADPGK 0.7425 1.4837 OGFOD2 0.7009 0.3167 ABR 0.6631 -1.212 TMX3 0.6245 0.8951
RASAL1 0.7799 -0.286 AKR7A3 0.7418 0.0876 IRF6 0.7002 0.5599 DEFB1 0.6602 1.574 IDH3G 0.624 0.6232
MSC 0.7795 0.8165 AKR7A3 0.7418 -1.525 CAMK1D 0.6995 1.5222 KIF13B 0.6599 1.6511 ATP6V0D2 0.6217 -0.855
CPA4 0.7792 1.2243 PPM1M 0.7412 -0.283 KRT19 0.6985 1.7444 NKIRAS2 0.6593 1.5825 SRGAP3 0.6205 -0.281
RPH3A 0.7791 1.8007 UIMC1 0.7404 1.358 BAG2 0.6979 -0.199 RAX 0.6585 2.0722 CSAD 0.6203 1.9426
IDI1 0.7779 -0.749 CCND1 0.74 -0.825 ASF1B 0.6959 0.415 RAX 0.6585 -0.516 TUBA4A 0.6194 -1.475
LYN 0.7775 -0.273 CCND1 0.74 -1.082 SULT1C2 0.6956 0.221 RTEL1-TNFRSF6B0. 579 -1.096 SMC2 0.6192 0.0139
UBR1 0.777 0.9328 OXCT2 0.7399 0.396 GZMM 0.6956 0.7022 LBP 0.6578 1.4643 SMC2 0.6192 -1.177
MAP3K2 0.7758 0.7834 NCOA4 0.7399 0.1836 UBC 0.6954 0.3913 NPEPPS 0.6573 0.0819 NRP2 0.6184 1.1969
NDOR1 0.7758 -0.642 FBXW11 0.7369 -0.19 PPAP2C 0.6953 -0.343 SHPRH 0.657 0.364 PPT2-EGFL8 0.618 0.1869
LPPR1 0.7747 1.1251 TXNDC17 0.7354 1.3285 PPAP2C 0.6953 -0.761 TXNDC5 0.6566 -0.091 PPIL1 0.6174 0.018
INHBC 0.7746 0.7988 ALDH9A1 0.7343 1.1773 ITGA7 0.6949 -0.276 MUTED-TXNDC50.6 66 -0.091 COPZ1 0.6173 1.1858
FBXO34 0.7736 0.2708 ALDH9A1 0.7343 0.855 ATP5A1 0.6938 -0.21 ZBTB17 0.6564 1.3213 CD274 0.617 1.6623
SLC22A9 0.7726 0.0589 ZNF835 0.7337 -0.13 LYPLA1 0.6936 0.4357 PTH2R 0.6562 0.0319 HNRPLL 0.6168 1.1511
CACNA2D2 0.7725 -0.417 PRSS2 0.7314 0.5768 TAF3 0.6921 -0.387 PTH2R 0.6562 -0.334 CSF3 0.6167 0.6336
ADAMTS18 0.7725 -0.129 ARRB1 0.7301 0.327 LOC1005076990.6915 0.8678 AIF1L 0.656 1.3242 GTPBP5 0.6163 0.0588
TTC23 0.7719 1.438 PHLPP1 0.7297 -0.07 LOC1005076990.6915 -1.689 TSN 0.655 0.9437 PAN3 0.6162 -0.836
GPR182 0.7698 1.6174 ZNF267 0.7295 -0.47 PRKG2 0.6914 1.192 GMPS 0.6532 1.352 TWF2 0.616 0.4944
CD200R1 0.7693 0.1508 PRPSAP1 0.7294 -0.093 AMPD3 0.69 1.0144 GMPS 0.6532 -0.11 ECEL1 0.6153 1.3028
F3 0.7689 2.302 RAB7L1 0.7286 0.9712 RGS11 0.6884 0.6499 FOXC1 0.6525 -0.537 GPR107 0.6142 1.6085
NODAL 0.7687 1.1728 CRHR2 0.7286 -0.021 CCNT2 0.6867 1.141 GAMT 0.652 0.9067 MLKL 0.6127 -0.158
DCTN4 0.7682 1.3655 GUCA2A 0.7284 -0.377 SLC39A1 0.6856 2.2419 GAMT 0.652 0.2449 ADRB2 0.6125 0.2372
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X4EBP1_pT37.T46.R.V    1 0.00649
X4E.BP1_pS65.R.V    2 0.00649
Bcl.2.R.C    3 0.00649
Snail.M.C    4 0.00649
PDK1_pS241 5 0.00649
IRS1 (2q36) 6 0.00649
MIG.6.M.V    7 0.0162
NF2.R.C   (22q12.2) 8 0.0162
FOXO3a_pS318_S321.R.C    9 0.0162
Bcl.2.M.V    10 0.0195
Chk1.R.C    11 0.0227
PARP_cleaved.M.C    12 0.026
AR.R.V   (Xq12) 13 0.0357
Caspase.8.M.C    14 0.039
Collagen_VI.R.V    15 0.039
TAZ_pS89.R.C   (Xq28) 16 0.039
GSK3.alpha.beta_pS21_S9.R.V    17 0.0487
mTOR_.pS2448.R.C    18 0.0519
Caspase.3_active.R.C    19 0.0519
c.Kit.R.V    20 0.0519
Caspase.8.M.C    21 0.0942
Src_pY416.R.C    22 0.0812
Tuberin.R.C    23 0.0584
YAP.R.V    24 0.0519
STAT3_pY705.R.V   (17q21) 25 0.0942











HER2_pY1248.R.V    27 0.0584
JNK_.pT183.T185.R.C    28 0.0487
p27_pT198.R.V    29 0.0487
alpha.Catenin.M.V    30 0.0487
Rab11.R.V    31 0.0487
CD31.M.V    32 0.0455
PI3K.p85.R.V    33 0.0357
EGFR_pY1068.R.V   (7p12) 34 0.0357
Notch1.R.V    35 0.0357
FOXO3a.R.C    36 0.0227
PTEN.R.V   (10q23) 37 0.0227
beta.Catenin.R.V    38 0.0162
Syk.M.V    39 0.0162
YAP_pS127.R.C    40 0.0162
EGFR_pY992.R.V   (7p12) 41 0.0162
ER.alpha.R.V    42 0.013
Annexin_I.R.V    43 0.00974
c.Met.M.C    44 0.00649
IGFBP2.R.V   (2q33-q34) 45 0.00649
COX.2.R.C    46 0.00649
Shc_pY317.R.NA    47 0.00649
Rab25.R.C    48 <0.00325
Notch3.R.C    49 <0.00325
HER3.R.V    50 <0.00325
INPP4B.G.C   (4q31.1) 51 <0.00325
E.Cadherin.R.V    52 <0.00325
Claudin.7.R.V    53 <0.00325
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This table contains mesenchymal score-correlations for 481 compounds computed from AUCs 
across the 470 carcinoma-derived cell lines included in CTRPv2. 
  
CPD_NAME BROAD_CPD_ID TAUBE_EMT_ScoreGROGER_EMT_ScoreBYERS_EMT_Score
968 BRD-A43210826 -0.72 -0.72 -0.96
16-beta-bromoandrosteroneBRD-K98404142 -0.31 0.57 2.41
1S,3R-RSL-3 BRD-K23853216 -5.59 -5.40 -3.54
3-Cl-AHPC BRD-A09890259 1.02 0.71 0.67
A-804598 BRD-K76894955 -1.03 -0.66 -0.40
AA-COCF3 BRD-K07303502 0.09 0.62 1.37
abiraterone BRD-K50071428 1.01 1.50 0.79
ABT-199 BRD-K62391742 -1.30 -0.95 0.74
ABT-737 BRD-K56301217 -1.43 -0.57 1.08
AC55649 BRD-K93176058 -2.13 -2.38 -1.24
afatinib BRD-K66175015 8.71 7.60 7.90
AGK-2 BRD-K32536677 0.21 0.32 0.44
alisertib BRD-K75295174 0.19 0.23 0.84
alvocidib BRD-K68682020 0.96 1.01 1.95
AM-580 BRD-K06854232 -1.19 -1.58 -0.65
apicidin BRD-K64606589 0.95 1.42 3.44
AT13387 BRD-K58435339 3.21 2.94 2.61
AT-406 BRD-K02834582 -2.13 -2.00 -0.73
AT7867 BRD-K12040459 -3.86 -3.24 -2.30
austocystin D BRD-K25987073 8.41 9.59 9.49
avicin D BRD-A15100685 -3.32 -3.58 -3.36
avrainvillamide BRD-K10466330 -0.74 -0.85 1.27
axitinib BRD-K29905972 -4.42 -3.45 -2.15
AZ-3146 BRD-K59146805 2.89 3.37 2.71
azacitidine BRD-K03406345 0.10 0.75 0.79
AZD1480 BRD-K65928735 -1.74 -0.64 0.46
AZD4547 BRD-K28392481 -3.16 -2.48 -1.94
AZD6482 BRD-K58772419 -0.80 -1.65 -0.21
AZD7545 BRD-K52836380 -0.71 -0.31 -0.84
AZD7762 BRD-K86525559 -0.24 -1.35 -2.20
AZD8055 BRD-K69932463 -1.34 -1.26 -0.75
B02 BRD-K10882151 -0.17 0.28 1.11
bafilomycin A1 BRD-K86787118 0.97 1.42 1.50




bardoxolone methyl BRD-K59437938 0.90 1.53 1.74
Bax channel blocker BRD-A18763547 1.54 2.77 2.89
BCL-LZH-4 BRD-A68258842 0.26 0.53 0.96
BEC BRD-K53792571 -0.47 -0.34 -0.90
belinostat BRD-K17743125 1.76 2.43 4.09
bendamustine BRD-K17068645 -1.88 -1.78 -0.81
betulinic acid BRD-K45401373 -0.37 -0.69 -0.75
bexarotene BRD-K92441787 -1.30 -1.47 -1.23
BI-2536 BRD-K64890080 0.43 0.63 1.09
BIBR-1532 BRD-K04623885 -1.15 -0.58 0.16
BIRB-796 BRD-K74065929 -0.22 0.19 0.90
birinapant BRD-K18589165 -0.72 -1.24 -1.04
BIX-01294 BRD-K26818574 1.00 1.97 3.21
blebbistatin BRD-A75817871 1.21 0.91 0.75
bleomycin A2 BRD-A42083487 2.66 1.31 -0.06
BMS-195614 BRD-K45935533 -2.06 -1.30 -1.24
BMS-270394 BRD-K04905989 -0.81 -0.86 0.46
BMS-345541 BRD-K13566078 2.41 2.22 2.75
BMS-536924 BRD-K34581968 1.91 1.48 0.32
BMS-754807 BRD-K13049116 2.62 3.64 2.94
bortezomib BRD-K88510285 0.22 0.15 0.33
bosutinib BRD-K90746395 5.60 4.08 3.84
BRD1812 BRD-K73261812 -0.24 0.44 1.62
BRD1835 BRD-K62801835 -0.33 0.06 -0.07
BRD4132 BRD-K86574132 -1.35 -1.08 -0.83
BRD6340 BRD-K35716340 0.19 0.28 1.03
BRD8899 BRD-K22828899 -1.12 -0.74 -0.18
BRD8958 BRD-K68548958 0.81 1.30 0.61
BRD9647 BRD-K05649647 -1.57 -2.25 -1.30
BRD9876 BRD-K89329876 0.90 1.15 1.93
BRD-A02303741 BRD-A02303741 -0.82 -0.53 -0.45
BRD-A05715709 BRD-A05715709 -0.72 -0.60 -0.77
BRD-A71883111 BRD-A71883111 1.73 1.82 2.53
BRD-A86708339 BRD-A86708339 2.84 3.40 4.04
BRD-A94377914 BRD-A94377914 0.79 1.56 2.10




BRD-K02251932 BRD-K02251932 1.49 1.90 2.25
BRD-K02492147 BRD-K02492147 -0.32 -0.91 0.57
BRD-K04800985 BRD-K04800985 0.79 1.02 0.77
BRD-K09344309 BRD-K09344309 0.30 0.80 -0.12
BRD-K09587429 BRD-K09587429 0.98 1.07 1.60
BRD-K11533227 BRD-K11533227 0.19 0.09 0.34
BRD-K13999467 BRD-K13999467 -0.81 -0.33 0.24
BRD-K14844214 BRD-K14844214 -0.39 0.14 0.77
BRD-K16147474 BRD-K16147474 0.04 0.18 0.42
BRD-K17060750 BRD-K17060750 -0.87 -1.20 -0.45
BRD-K19103580 BRD-K19103580 1.42 1.81 2.59
BRD-K24690302 BRD-K24690302 -0.90 -0.08 0.89
BRD-K26531177 BRD-K26531177 -1.57 -0.98 0.51
BRD-K27224038 BRD-K27224038 0.49 0.52 0.02
BRD-K27986637 BRD-K27986637 0.66 0.89 0.04
BRD-K28456706 BRD-K28456706 -0.36 0.38 1.82
BRD-K29086754 BRD-K29086754 -1.14 -1.40 -1.30
BRD-K29313308 BRD-K29313308 -0.20 0.30 0.95
BRD-K30019337 BRD-K30019337 0.08 0.31 0.50
BRD-K30748066 BRD-K30748066 -0.61 -1.08 -1.19
BRD-K33199242 BRD-K33199242 0.11 0.42 0.46
BRD-K33514849 BRD-K33514849 -0.38 -0.32 0.45
BRD-K34099515 BRD-K34099515 -0.95 -0.91 -0.67
BRD-K34222889 BRD-K34222889 -0.64 0.11 1.83
BRD-K34485477 BRD-K34485477 -0.68 -0.63 -1.47
BRD-K35604418 BRD-K35604418 -1.53 -0.70 0.82
BRD-K37390332 BRD-K37390332 -3.35 -3.11 -3.14
BRD-K41334119 BRD-K41334119 0.12 0.01 0.05
BRD-K41597374 BRD-K41597374 1.10 2.06 2.50
BRD-K42260513 BRD-K42260513 0.53 0.43 0.10
BRD-K44224150 BRD-K44224150 0.98 0.53 0.15
BRD-K45681478 BRD-K45681478 -1.29 0.04 1.52
BRD-K48334597 BRD-K48334597 0.12 0.29 0.01
BRD-K48477130 BRD-K48477130 0.19 0.66 1.18
BRD-K49290616 BRD-K49290616 -0.03 -0.29 -0.16




BRD-K51490254 BRD-K51490254 -0.93 -0.45 0.19
BRD-K51831558 BRD-K51831558 -2.31 -2.20 -1.84
BRD-K52037352 BRD-K52037352 1.83 2.19 2.66
BRD-K55116708 BRD-K55116708 1.85 1.45 1.81
BRD-K61166597 BRD-K61166597 -0.29 -0.29 0.60
BRD-K63431240 BRD-K63431240 1.39 0.85 -0.01
BRD-K64610608 BRD-K64610608 -0.18 0.08 0.11
BRD-K66453893 BRD-K66453893 1.85 1.39 2.41
BRD-K66532283 BRD-K66532283 -0.37 -0.65 0.06
BRD-K70511574 BRD-K62825658 1.13 1.31 1.78
BRD-K71781559 BRD-K71781559 -0.34 -0.40 0.01
BRD-K71935468 BRD-K71935468 0.12 0.61 2.06
BRD-K75293299 BRD-K75293299 -0.02 -0.17 0.38
BRD-K78574327 BRD-K78574327 -0.92 -0.99 -0.75
BRD-K80183349 BRD-K80183349 0.22 0.59 1.47
BRD-K84807411 BRD-K84807411 0.15 0.05 -0.32
BRD-K85133207 BRD-K85133207 -0.55 -0.05 0.92
BRD-K86535717 BRD-K86535717 0.22 0.19 0.29
BRD-K88742110 BRD-K88742110 -0.55 -0.01 -0.03
BRD-K90370028 BRD-K90370028 -0.49 -0.31 0.61
BRD-K92856060 BRD-K92856060 -1.89 -1.25 0.94
BRD-K94991378 BRD-K94991378 -0.65 -0.13 1.63
BRD-K96431673 BRD-K96431673 0.97 1.07 0.97
BRD-K96970199 BRD-K96970199 0.37 0.25 0.06
BRD-K97651142 BRD-K97651142 -0.76 0.08 -0.13
BRD-K99006945 BRD-K99006945 -2.86 -2.35 -1.28
BRD-M00053801 BRD-M00053801 -0.09 0.42 1.27
brefeldin A BRD-A31107743 3.06 3.60 3.33
brivanib BRD-K28428262 -0.63 0.01 -0.69
BYL-719 BRD-K54997624 2.96 2.98 3.64
C6-ceramide BRD-K08608874 0.69 1.12 1.20
cabozantinib BRD-K51544265 -2.45 -2.26 -2.58
CAL-101 BRD-K60866521 -2.46 -3.34 -2.48
canertinib BRD-K50168500 7.05 6.07 6.86
CAY10576 BRD-K51781482 -1.74 -1.93 -1.30




CAY10618 BRD-K83289131 -0.40 -0.18 0.91
CBB-1007 BRD-K84754008 -2.01 -1.75 -1.72
CCT036477 BRD-A22997170 -4.36 -3.84 -1.58
CD-1530 BRD-K25737009 -0.63 -0.93 0.44
CD-437 BRD-K28907958 1.19 0.86 1.22
cediranib BRD-K86930074 -0.90 -0.80 -0.57
ceranib-2 BRD-K31514534 0.00 0.01 1.83
cerulenin BRD-K52075040 0.39 1.58 3.69
Ch-55 BRD-K71487808 0.20 -0.18 0.93
CHIR-99021 BRD-K16189898 -0.42 -0.81 -0.83
chlorambucil BRD-K29458283 -2.16 -2.44 -2.17
CHM-1 BRD-K94145482 1.90 1.70 1.99
CI-976 BRD-K88544581 -1.28 -1.10 -0.36
ciclopirox BRD-K13044802 3.26 4.00 4.46
ciclosporin BRD-A38030642 2.08 2.19 1.82
CID-5951923 BRD-A86956638 -0.79 -0.60 -0.78
CIL41 BRD-K05392795 -2.57 -2.74 -1.60
CIL55 BRD-K46556387 -0.15 0.30 0.26
CIL55A BRD-K69982010 0.08 0.34 -0.31
CIL56 BRD-K11740178 -0.75 -1.32 -0.15
CIL70 BRD-K20215950 -2.35 -1.92 -0.37
cimetidine BRD-K34157611 0.81 1.44 1.60
clofarabine BRD-K34022604 -0.80 -1.07 -1.58
COL-3 BRD-A59431241 1.26 1.90 1.59
Compound 1541A BRD-K30064966 -1.03 -0.64 -0.42
compound 1B BRD-A42556028 -2.39 -2.40 -1.30
Compound 23 citrate BRD-K67112618 5.00 5.84 5.40
Compound 7d-cis BRD-K61829047 -0.07 0.30 2.06
CR-1-31B BRD-K23547378 3.54 3.32 3.73
crizotinib BRD-K78431006 1.98 2.77 1.66
cucurbitacin I BRD-A28105619 -3.08 -2.43 -0.87
curcumin BRD-K74148702 1.54 0.65 1.59
cyanoquinoline 11 BRD-K00088062 2.58 2.44 3.00
cyclophosphamide BRD-A09722536 0.52 0.53 0.98
cytarabine hydrochlorideBRD-K33106058 0.58 1.06 1.22




dabrafenib BRD-K09951645 -1.24 -1.21 -1.75
dacarbazine BRD-K35520305 1.76 1.57 1.25
daporinad BRD-K58550667 -0.06 0.26 0.72
darinaparsin BRD-K35723520 -1.99 -1.68 -0.65
dasatinib BRD-K49328571 -0.37 -2.82 -2.97
DBeQ BRD-K59204667 -0.84 -0.18 0.80
decitabine BRD-K79254416 3.02 3.15 2.64
dexamethasone BRD-A35108200 -1.02 -1.04 -0.16
dinaciclib BRD-K13662825 1.66 1.72 3.03
docetaxel BRD-A05821830 0.69 0.51 0.83
doxorubicin BRD-K92093830 0.04 -0.11 1.62
ELCPK BRD-K44847641 0.38 0.53 0.98
elocalcitol BRD-A04287157 2.49 2.83 2.99
entinostat BRD-K77908580 1.11 1.71 3.27
epigallocatechin-3-monogallateBRD-K55591206 0.34 1.03 1.02
erastin BRD-A25004090 -2.68 -2.87 -2.32
erismodegib BRD-K19796430 -0.44 -0.24 -0.03
erlotinib BRD-K70401845 7.75 6.12 4.69
etomoxir BRD-K81335284 -0.24 -0.28 -0.05
etoposide BRD-K37798499 -1.52 -1.45 -0.52
ETP-46464 BRD-K24556407 -0.80 -0.52 0.16
EX-527 BRD-K76964878 -0.21 0.15 0.95
FGIN-1-27 BRD-K09778810 0.47 0.32 0.87
fingolimod BRD-K88025533 1.27 2.36 2.94
fluorouracil BRD-K24844714 6.12 6.22 4.83
fluvastatin BRD-A52530402 -6.72 -6.90 -6.61
foretinib BRD-K03449891 -1.26 -0.79 -0.89
FQI-1 BRD-A91658086 0.87 0.81 0.64
FQI-2 BRD-K35498412 0.81 0.74 1.28
FSC231 BRD-K24784241 0.63 0.91 0.92
fulvestrant BRD-A85667082 0.71 1.13 2.22
fumonisin B1 BRD-A63646118 -0.75 -1.14 -1.60
GANT-61 BRD-K09485525 0.81 1.03 1.98
GDC-0879 BRD-K67578145 -0.71 -0.39 -3.03
GDC-0941 BRD-K52911425 3.42 3.25 3.14




gemcitabine BRD-K15108141 0.73 0.57 0.29
GMX-1778 BRD-K47335880 -1.36 -0.71 0.82
gossypol BRD-K19295594 -0.16 0.75 1.43
GSK1059615 BRD-K06750613 0.81 0.36 1.33
GSK2636771 BRD-K49215523 -3.47 -3.73 -2.73
GSK-3 inhibitor IX BRD-K04923131 -0.99 -1.30 -1.06
GSK4112 BRD-K78667050 2.98 3.47 3.20
GSK461364 BRD-K92428232 -0.64 -0.58 -0.53
GSK525762A BRD-K08109215 1.42 1.47 1.21
GSK-J4 BRD-K98203492 -0.56 0.04 0.73
GW-405833 BRD-K10705233 2.96 3.83 4.05
GW-843682X BRD-K90382497 2.35 2.19 2.38
HBX-41108 BRD-K50501969 -1.09 -0.32 1.63
HC-067047 BRD-K03391209 1.41 1.50 1.81
HLI 373 BRD-K17349619 2.24 2.69 2.64
hyperforin BRD-A30032852 -0.02 0.57 0.70
I-BET151 BRD-K36363294 2.21 2.53 3.09
ibrutinib BRD-K70301465 4.79 4.48 5.45
IC-87114 BRD-K75430629 -1.51 -2.43 -3.72
ifosfamide BRD-A67097164 -0.45 -0.32 -0.43
imatinib BRD-K92723993 -1.37 -1.14 -1.29
importazole BRD-A02481876 1.47 1.78 1.75
indisulam BRD-K17610631 1.01 1.35 1.78
IPR-456 BRD-A76527075 -2.00 -2.34 -2.09
isoevodiamine BRD-A68631409 0.57 0.80 1.61
isoliquiritigenin BRD-K33583600 -0.89 -0.73 -0.61
isonicotinohydroxamic acidBRD-K55478147 -2.01 -1.71 -1.84
ISOX BRD-K69840642 0.57 1.18 2.84
istradefylline BRD-K87774949 -0.25 -0.37 -0.26
itraconazole BRD-A34817987 -1.16 -0.76 -0.75
IU1 BRD-K45841694 -0.79 -0.73 -0.12
JQ-1 BRD-K54606188 2.08 2.35 3.24
JW-480 BRD-K99655327 -1.72 -1.54 -1.06
JW-55 BRD-K53328210 -0.60 -0.82 -0.34
JW-74 BRD-K75664313 -1.29 -1.34 -0.71




KHS101 BRD-K78978711 3.47 4.30 4.77
Ki8751 BRD-K47150025 -3.61 -3.23 -1.78
Ko-143 BRD-K64642496 1.63 2.28 2.94
KPT185 BRD-K71467466 0.76 0.46 2.63
KU 0060648 BRD-K09499853 3.68 3.58 3.93
KU-0063794 BRD-K67566344 -0.51 -0.25 0.03
KU-55933 BRD-K25311561 -0.05 -0.68 -0.68
KU-60019 BRD-K36016295 1.16 1.51 1.79
KW-2449 BRD-K21718444 -2.91 -2.15 -2.07
KX2-391 BRD-K29968218 0.31 0.57 1.55
L-685458 BRD-K87317732 1.60 1.65 1.74
lapatinib BRD-K19687926 8.73 7.99 8.02
LBH-589 BRD-K02130563 2.40 3.32 5.23
LE-135 BRD-K06593056 -1.17 -1.39 -0.66
lenvatinib BRD-K39974922 -4.71 -4.10 -1.86
leptomycin B BRD-K27624156 3.97 2.90 2.90
linifanib BRD-K99749624 1.76 2.43 2.20
linsitinib BRD-K08589866 1.80 2.65 2.52
lomeguatrib BRD-K27955832 -1.31 -1.17 -0.37
lovastatin BRD-A70155556 -5.17 -6.06 -6.77
LRRK2-IN-1 BRD-K01436366 1.71 1.98 2.91
LY-2157299 BRD-K78118466 0.68 0.59 0.04
LY-2183240 BRD-K37865504 -0.31 0.00 0.86
manumycin A BRD-K78599730 -2.41 -2.31 -0.45
marinopyrrole A BRD-K57261999 -1.75 -1.35 -0.79
masitinib BRD-K71035033 -0.41 0.35 1.28
Mdivi-1 BRD-K61128465 -0.96 -0.70 -1.35
Merck60 BRD-K04466929 0.02 -0.32 0.62
methotrexate BRD-K59456551 1.01 0.93 -0.48
methylstat BRD-K52560704 -1.74 -1.39 0.61
MG-132 BRD-K60230970 -1.04 -0.59 1.00
MGCD-265 BRD-K56277358 -1.95 -1.32 -0.13
MI-1 BRD-K64497429 2.44 2.63 3.40
MI-2 BRD-K90860366 0.63 1.58 2.44
mitomycin BRD-K59670716 0.08 0.62 1.30




MK-1775 BRD-K54256913 0.86 0.50 0.50
MK-2206 BRD-K68065987 1.11 1.68 3.12
ML006 BRD-K89692698 0.17 0.33 0.19
ML029 BRD-K59962020 0.73 1.93 2.27
ML031 BRD-K38985961 -0.79 -0.19 0.99
ML050 BRD-A83255679 -2.02 -1.53 0.39
ML083 BRD-K44241590 -0.52 -0.45 -0.27
ML162 BRD-A36275421 -5.98 -5.88 -3.70
ML203 BRD-K80672993 -0.23 0.31 0.64
ML210 BRD-K01877528 -6.45 -5.91 -4.55
ML239 BRD-K01121114 -5.28 -4.50 -1.99
ML258 BRD-A82720512 1.08 0.97 1.34
ML311 BRD-A40802033 1.05 1.23 2.00
ML312 BRD-K70809902 1.12 0.79 0.32
ML320 BRD-K81491172 -2.18 -2.28 -2.73
ML334 diastereomer BRD-K93367411 -0.33 0.00 -0.08
MLN2238 BRD-K78659596 1.40 0.93 0.57
MLN2480 BRD-K43410529 -0.57 0.21 0.53
momelotinib BRD-K87737963 -3.21 -3.47 -2.89
MST-312 BRD-K19894101 -1.73 -2.01 0.27
myricetin BRD-K43149758 1.09 1.22 0.51
myriocin BRD-A76279427 -0.18 -0.74 -0.62
N9-isopropylolomoucineBRD-K71726959 2.53 2.33 1.87
nakiterpiosin BRD-K38264551 1.08 1.19 1.46
narciclasine BRD-K06792661 2.93 2.87 3.17
navitoclax BRD-K82746043 -1.72 -1.05 0.38
necrostatin-1 BRD-A36318220 -1.51 -1.48 -0.81
necrostatin-7 BRD-K50145167 2.19 2.44 2.43
necrosulfonamide BRD-K64117221 0.37 0.74 2.38
nelarabine BRD-K84466663 0.74 1.25 0.42
neopeltolide BRD-K62479592 -0.10 -0.10 -0.86
neratinib BRD-K85606544 7.83 7.19 7.37
neuronal differentiation inducer IIIBRD-K53903639 1.70 2.53 3.64
niclosamide BRD-K35960502 -4.94 -5.38 -2.56
nilotinib BRD-K81528515 -0.25 0.57 1.12




NPC-26 BRD-K36852164 0.49 0.86 1.47
NSC 74859 BRD-K40853697 -1.69 -1.47 -1.89
NSC19630 BRD-K39706510 -0.32 0.38 2.07
NSC23766 BRD-A80213327 0.06 -0.09 1.65
NSC30930 BRD-K29711668 -1.58 -1.44 -1.16
NSC48300 BRD-K45748132 -2.26 -2.39 -0.46
NSC632839 BRD-K74402642 1.29 1.00 1.15
NSC95397 BRD-K68143200 -1.28 -0.86 0.57
nutlin-3 BRD-A12230535 1.03 2.34 2.85
NVP-231 BRD-A12571627 0.64 0.80 0.67
NVP-ADW742 BRD-K15179513 3.12 4.14 4.09
NVP-BEZ235 BRD-K12184916 -0.35 -0.27 0.84
NVP-BSK805 BRD-K02017404 -0.29 0.04 -0.13
NVP-TAE684 BRD-K50140147 2.96 3.60 3.12
O-6-benzylguanine BRD-K92041145 0.06 -0.14 -0.46
obatoclax BRD-K15600710 0.54 0.42 0.71
olaparib BRD-K02113016 -3.94 -3.43 -2.31
oligomycin A BRD-A81541225 -0.34 0.74 0.99
omacetaxine mepesuccinateBRD-K76674262 0.54 0.45 2.28
OSI-027 BRD-K87124298 -2.19 -2.30 -1.30
OSI-930 BRD-K25340465 -1.07 -0.87 0.38
ouabain BRD-K35708212 -0.12 0.10 0.87
PAC-1 BRD-K92991072 1.91 3.50 4.23
paclitaxel BRD-A28746609 1.81 1.60 2.22
palmostatin B BRD-K42137908 -1.75 -1.74 -1.27
pandacostat BRD-K44741158 1.05 1.25 1.40
parbendazole BRD-K02407574 0.04 -0.03 0.66
parthenolide BRD-K81651477 -0.54 0.23 1.93
pazopanib BRD-K74514084 -4.45 -4.05 -3.10
PD 153035 BRD-K26603252 5.84 4.76 4.68
PD318088 BRD-A57798112 5.46 4.87 2.36
PDMP BRD-K05653692 0.31 0.62 1.44
pevonedistat BRD-K67844266 1.14 0.60 -0.26
PF-184 BRD-K11593101 -2.07 -1.92 -0.99
PF-3758309 BRD-K37764012 1.82 1.64 1.88




PF-543 BRD-K79877282 2.61 2.77 2.07
PF-573228 BRD-K79239947 0.36 0.76 0.39
PF-750 BRD-K83213911 -0.74 0.22 1.27
PHA-793887 BRD-K64800655 2.04 1.74 2.79
phloretin BRD-K15563106 -2.34 -1.90 -0.58
PI-103 BRD-K67868012 -2.62 -2.80 -0.18
pifithrin-alpha BRD-K66874953 -3.15 -3.27 -2.97
pifithrin-mu BRD-K96799727 0.86 1.86 2.38
PIK-93 BRD-K29395450 -0.95 -1.23 0.08
piperlongumine BRD-K24132293 0.70 1.48 3.09
pitstop2 BRD-K90570971 0.27 0.29 0.78
PL-DI BRD-K83336168 1.18 1.92 3.69
pluripotin BRD-K98538768 -0.87 -2.24 -3.40
PLX-4032 BRD-K56343971 -1.55 -1.93 -2.33
PLX-4720 BRD-K16478699 -1.69 -2.24 -2.52
PRIMA-1 BRD-K15318909 -1.54 -0.10 1.65
PRIMA-1-Met BRD-K49456190 0.46 -0.37 0.02
PRL-3 inhibitor I BRD-K09907482 -1.81 -1.25 -0.66
procarbazine BRD-K13032584 0.53 0.75 0.74
prochlorperazine BRD-K19352500 1.36 2.24 2.24
purmorphamine BRD-K73397362 -0.65 -0.05 0.44
PX-12 BRD-A56592690 0.43 2.00 3.39
PYR-41 BRD-K60750172 -0.48 -0.24 0.54
pyrazolanthrone BRD-K01567962 -0.12 -0.74 -0.90
QS-11 BRD-K02526760 -0.28 -0.16 -0.07
quizartinib BRD-K93918653 -2.44 -1.94 -1.02
QW-BI-011 BRD-K72264770 -1.13 -0.44 0.24
R428 BRD-K14870255 -0.38 -0.33 -0.30
RAF265 BRD-K93123848 -0.28 -0.23 -0.31
regorafenib BRD-K16730910 -1.98 -1.29 -0.51
Repligen 136 BRD-K47503321 1.30 1.80 2.54
RG-108 BRD-K89391146 -1.87 -0.94 -0.48
rigosertib BRD-K55187425 0.15 0.00 0.52
RITA BRD-K00317371 -1.02 0.27 -0.02
RO4929097 BRD-K22024824 2.46 2.80 2.42




salermide BRD-A67788537 0.07 0.01 0.17
saracatinib BRD-K19540840 5.43 3.97 3.23
SB-225002 BRD-K61323504 -0.81 -0.82 1.30
SB-431542 BRD-K67298865 1.30 1.55 1.36
SB-525334 BRD-K37720887 -0.69 0.46 1.24
SB-743921 BRD-K62358710 3.13 3.34 4.11
SCH-529074 BRD-K24376488 2.14 3.20 4.18
SCH-79797 BRD-K17140735 2.46 3.32 2.95
selumetinib BRD-K57080016 5.40 4.91 2.25
semagacestat BRD-K65592642 0.90 0.28 0.43
serdemetan BRD-K60219430 0.32 1.52 2.69
SGX-523 BRD-K19477839 -2.26 -2.40 -2.12
SID 26681509 BRD-K08417745 -3.47 -3.12 -1.59
sildenafil BRD-K50128260 -0.59 -0.01 0.27
silmitasertib BRD-K81458380 0.37 -0.22 0.53
simvastatin BRD-K22134346 -4.72 -5.44 -4.48
sirolimus BRD-K84937637 -1.80 -1.53 0.36
sitagliptin BRD-K19416115 0.03 0.07 0.53
SJ-172550 BRD-K93095519 -0.97 -1.38 -2.03
skepinone-L BRD-K83607951 0.27 1.16 2.42
SKI-II BRD-K20755323 -0.36 -0.27 0.74
SMER-3 BRD-K92960067 0.27 0.73 2.68
SN-38 BRD-A36630025 -0.76 -0.78 -0.54
SNS-032 BRD-K43389698 2.75 2.23 2.97
SNX-2112 BRD-K71281111 3.50 3.19 1.39
sorafenib BRD-K23984367 -3.38 -2.69 -1.65
sotrastaurin BRD-K16761703 0.58 1.49 2.07
spautin-1 BRD-K84964099 0.17 0.33 0.12
SR1001 BRD-K47981327 -1.98 -1.90 -2.13
SR8278 BRD-A02904414 -0.27 0.12 0.42
SR-II-138A BRD-K11172604 4.24 4.41 4.60
SRT-1720 BRD-K53855319 0.09 0.91 0.80
staurosporine BRD-K17953061 -3.85 -4.24 -4.00
StemRegenin 1 BRD-K36739687 1.96 2.61 3.59
STF-31 BRD-K22477529 -2.56 -2.41 -1.34




sunitinib BRD-K42828737 -2.06 -2.04 -1.91
SZ4TA2 BRD-K55125219 -2.54 -2.12 -1.86
tacedinaline BRD-K52313696 0.11 0.84 2.47
tacrolimus BRD-K69608737 -2.07 -1.83 -1.07
tamatinib BRD-K20285085 -0.46 -1.41 -1.53
tamoxifen BRD-K93754473 0.59 1.07 2.30
tandutinib BRD-K89162000 -1.93 -1.51 -0.55
tanespimycin BRD-K81473043 2.96 3.24 1.77
temozolomide BRD-A94153989 -0.07 -0.06 0.51
temsirolimus BRD-K08177763 -2.29 -2.25 -0.79
teniposide BRD-A35588707 -1.30 -0.75 -0.63
TG-100-115 BRD-K64785675 -1.42 -1.22 0.15
TG-101348 BRD-K12502280 -0.64 -0.57 -0.21
TGX-221 BRD-A41692738 -3.42 -3.86 -3.77
thalidomide BRD-A93255169 -1.98 -1.43 -0.58
tigecycline BRD-A34462049 -1.46 -1.25 -0.50
tipifarnib-P1 BRD-K63195589 0.62 1.12 2.54
tipifarnib-P2 BRD-K62965247 0.24 0.98 1.08
tivantinib BRD-K33379087 0.85 1.00 1.90
tivozanib BRD-K53414658 -4.40 -3.85 -2.99
topotecan BRD-K55696337 0.07 0.14 0.80
tosedostat BRD-K92241597 2.43 2.51 3.52
TPCA-1 BRD-K51575138 0.88 0.67 0.11
trametinib BRD-K12343256 4.33 3.73 1.08
tretinoin BRD-K64634304 0.07 -0.41 1.04
triazolothiadiazine BRD-K05402890 -0.48 -0.33 0.48
trifluoperazine BRD-K89732114 3.21 3.93 4.19
triptolide BRD-A13122391 1.66 1.57 1.45
tubastatin A BRD-K00627859 -0.13 0.17 0.52
TW-37 BRD-K28360340 0.03 0.60 1.61
UNC0321 BRD-K74236984 0.98 1.36 2.23
UNC0638 BRD-K86856088 0.35 0.81 1.76
VAF-347 BRD-K96335988 -0.77 -0.54 -1.17
valdecoxib BRD-K12994359 -0.27 0.74 1.06
vandetanib BRD-K77625799 4.99 3.42 3.25




VER-155008 BRD-K32330832 0.74 0.43 0.45
vincristine BRD-K82109576 0.63 0.93 2.48
vorapaxar BRD-K93442924 -1.87 -1.48 -1.09
vorinostat BRD-K81418486 2.29 3.12 4.42
VU0155056 BRD-K31406481 -0.26 -0.44 -0.07
VX-680 BRD-K59369769 -1.73 -1.82 -2.30
WAY-362450 BRD-K54640016 0.60 0.68 0.79
WP1130 BRD-K43644456 -1.11 -0.52 0.92
WZ4002 BRD-K72420232 2.84 2.84 3.76
WZ8040 BRD-K81728688 5.01 4.08 4.99
XL765 BRD-K75308783 -2.28 -1.97 -0.91
YK 4-279 BRD-A62182663 0.84 0.92 1.89
YM-155 BRD-K76703230 -3.02 -3.34 -1.31
zebularine BRD-A01145011 0.18 0.48 0.67
ZSTK474 BRD-K63068307 -0.58 -0.34 0.64
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Appendix III  
This table contains gene-expression data for MCF-7 ER-Snail-1 cells (Haber Lab) treated with 4-
hydroxytamoxifen (4-OHT) for 120 hours, allowed to recover from 4-OHT treatment for 24 
hours, and then cultured in 384-well format in the absence of 4-OHT for 96 hours. These 
conditions model the compound exposure conditions for 4-OHT-induced MCF-7 ER-Snail-1 
cells shown in Fig. 2a and Extended Data Fig. 5. Data are shown relative to ethanol-treated 




Fold change (normalized to ACTB and GAPDH)
Gene 
symbol Mean
Standard 
deviation
CDH1 0.35 0.21
OCLDN 0.2 0.11
CLDN4 0.68 0.46
VIM 2.8 0.95
FN1 160 130
SERPINE1 670 450
CTGF 15 5.4
Epithelial-
state genes
Mesenchymal-
state genes
